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Of  the  'Touch  1  or  Feeling . 

§•.  48 1.  f*  |g  ^  H  E  corporeal  Organs  with 
S  which  we  are  faid  to  ex~ 
H  amine  Bodies  by  the  Touch, 
are  foft,  pulp-like  nervous 
Papilla  2,  medullary  3,  and  of  a  pyramidal 
Shape,  arifing  from  the  fubcutaneous  Nerves, 
firft  carting  off  their  exterior  Membranes,  and 
render’d  very  foft ;  whence  they  become  very 
fenfible,  being  continually  moiflened  4  with  a 
very  thin  Liquor,  and  defended  with  a  very 
thin  and  denfe  or  compadt  Cuticle  5,  without 
impairing  their  Senfibility,  lodged  under  the 
Cuticle  in  Furrows  and  Cavities  6,  and  capa¬ 
ble  of  contracting  and  ereBing  7  themfelves  in 
thofe  Parts,  where  the  Senfe  of  Pouch  8  is  the 
mo  ft  exquifitely  performed,  as  in  the  Tongue, 
Ends  of  the  Fingers,  &c. 

1  By  the  Touch  in  this  place,  we  do  not  under- 
(land  that  univerfal  Senfe,  without  which  there  is 
not  any  Part  of  the  Body  to  be  found  ;  but  we 
here  intend  that  particular  Senfe  which  is  exercifed 
by  the  Ends  of  the  Fingers,  as  by  a  particular 
Organ  or  Inftrument.  Nor  yet  do  we  here  fpeak 
of  that  Change  in  our  Thoughts,  which  arifes 
from  the  Idea  of  Cold,  Roughnefs,  or  the  like ; 
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for  we  cannot  determine  any  thing  with  Certainty 
concerning  thofe  Changes  :  but  we  here  intend 
that  Change  in  the  corporeal  Organ,  from  whence 
arife  in  the  Mind  the  Ideas  of  a  cold,  rough,  or 
moift  Body,  &c. 

1  That  thefe  are  the  proper  Organ  of  Touch,  is 
evident  from  a  Deftruftion  or  Lofs  of  that  Senfe, 
which  follows  from  a  Compreflion,  Erofion,  or 
Burning,  fo  as  to  deftroy  the  Papillae.  If  the  re¬ 
ticular  Body  is  injured  by  Fire  in  the  Ends  of  the 
Fingers,  the  Papillce  are  deftroyed,  and  the  Senfe 
of  Touch  is  aboli fried.  Thefe  Papillae  arife  from 
the  Nerves,  and  tranfrnit  the  Impreflions  which 
they  receive  to  the  Nerves,  and  by  them  to  the 
Brain,  where  at  length  the  Idea  of  Touch  or  Feel¬ 
ing  is  excited. 

3  All  the  Nerves  of  the  Skin  which  are  deftined 
to  the  Senfe  of  Touch,  have  that  Senfe  but  in  a 
very  dull  manner,  fo  long  as  they  are  covered 
with  the  thick  Coats  or  Integuments ;  but  when 
thofe  membranous  Coverings  are  depofited,  and 
form  the  reticular  Body,  the  Nerves  are  then  na¬ 
ked,  and  of  fo  foft  a  Texture,  that  they  refemble 
a  Mucus,  yet  are  they  in  that  State  the  more  fen- 
fible.  Hence  we  find  that  not  the  Meninge,  but 
the  Medulla,  is  the  Organ  of  Senfation  for  up¬ 
on  opening  the  Skull  of  a  living  Dog,  and  pun¬ 
fluring  the  Meninges,  no  great  Diforder  is  ob- 
ferved  in  the  Animal ;  whereas  if  the  Medulla  it- 
felf  be  injured,  the  Animal  is  then  immediately 
convulfed,  and  flaggers. 

4  This  is  a  great  Ufe  of  the  Perfpiration  diftrfr 
buted  throughout  the  whole  Skin  :  For  neither 
could  the  Nerves  be  fupplied  with  any  Moifture, 
but  what  has  been  extravafated  *,  nor  yet  could  the 
Nerves  be  capable  of  performing  their  refpeftive 
Senfes,  if  they  were  not  moift ened.  When  the 
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Skin  is  dry,  the  Senfe  of  Touch  is  either  depraved 
or  abolished.  They  who  deep  with  their  Mouth 
open,  are  not  capable  of  diflinguifhing  any  thing 
by  the  Tafte  in  the  Morning  ;  for  the  admitted 
Air  has  dried  up  the  Tongue.  When  the  Nofe  is 
fluffed  up  with  Dull,  the  Senfe  of  fmelling  ceafes. 

*  If  the  Nerves  were  naked,  they  would  not  be 
capable  of  preferving  their  Continuity  but  for  a 
very  fhort  time  j  and  therefore  Nature  has  given 
'them  this  Defence  of  the  Cuticle,  which  is  a  very 
thin  Membrane,  that  it  might  not  exclude  the  Im- 
preffions  of  fenfible  Objedls  ;  but  very  compabt  or 
firm,  that  it  might  the  better  defend  or  fecure  the 
foft  naked  Nerve  which  lies  under  it.  The  Senfe 
of  Touch  is  moil  perfectly  exercifed  under  thefe 
Circumftances.  The  naked  Papillse  being  gently 
touched  with  a  Feather,  excite  an  intolerable  Itch¬ 
ing  :  nor  is  there  any  other  Caufe  of  that  exquifite 
Senfe  and  mo  ft  violent  Itching  which  is  obferved 
in  the  Gians  Penis,  and  in  the  female  Organs, 
more  than  the  numerous  and  thick-fet  Papilla. 
But  the  Cuticle  covers  all  the  naked  Nerves,  evea 
where  the  Skin  itfelf  is  abfent*  We  call  the  Mouth 
that  Fiffure  or  Divifion  betwixt  the  Lips,  which 
in  the  Fcetus  is  larger  than  ufual,  extending  itfelf 
almoft  to  the  Ears  in  an  Embryo  of  four  or  five 
Months  old.  Hence  it  is  that  Infants,  who  are 
born  after  feven  Months  Geflation,  have  their 
Mouth  opening  wider  \  whereas  thole  of  nine 
Months  have  a  lefs  and  nearer  Mouth  ;  for  the  Fif¬ 
fure  is  continually  and  gradually  diminifhed  by  the 
conjoining  Skin.  In  the  Mouth  therefore  the 
Skin  terminates  at  the  Lips  5  whereas  the  Cuticle, 
which  is  extended  much  farther  than  the  Skin,  co¬ 
vers  the  whole  Lips  internally.  If  this  thin  Cu¬ 
ticle,  or  Epithelium  of  Ruyjch ,  is  taken  off  by 
Maceration  and  Shaking,  the  Papillae  remain  na¬ 
il  2  kedg, 
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Iced,  and  flick  out  on  all  Sides  like  Hairs.  If 
thefe  Papillae  are  injured  after  the  Cuticle  is  exco- ' 
riated  or  vitiated,  the  work  Maladies  follow  with 
intolerable  Pains. 

6  Namely,  the  Wrinkles  of  the  Skin  running 
varioufly  together,  and  leaving  triangular,  qua¬ 
drangular,  or  pentagonal  Spaces  differing  in  feve- 
ral  Parts  of  the  Body.  Thefe  Sulci  or  Furrows 
of  the  Skin  have  the  Cuticle  infledled  betwixt 
them,  under  which  there  are  placed  two  Orders 
of  nervous  Papillae.  Betwixt  thefe  Furrows  are 
feated  the  exhaling  and  fudoriferous  Veffels,  toge¬ 
ther  with  the  Hairs  •,  all  which  has  been  very  well 
obferved  by  Malpighi. 

1  Malpighi  obferved  'in  the  Body  of  a  Perfon, 
whofe  Skin  was  not  in  the  leaft  callous,  that  after 
Dinner,  in  a  warm  Air,  he  could  perceive  by  the 
Microfcope  in  the  Ends  of  the  Fingers,  a  great 
Number  of  fmall  round  Bodies  like  Warts  (which 
were  the  nervous  Papillae)  rife  up  fuddenly,  when 
the  Perfon  endeavoured,  as  it  were  by  the  Influ¬ 
ence  of  his  Will,  to  examine  any  thing  accurately 
by  the  Touch.  But  in  the  Tongue  this  Experi¬ 
ment  is  more  eafy  and  confpicuous  ;  for  if  a  Per¬ 
fon  Hands  faking  before  a  Looking- glafs,  and  a 
little  Sugar  is  offered  to  the  Tongue  to  be  tailed, 
you  will  plainly  perceive  the  whole  Surface  of  the 
Tongue  befet  with  fmall  Tubercles.  Snails  furnifh 
us  with  a  notable  Inflance  of  this  Extenfion  or 
Protuberance.  For  when  thefe  fmall  Animals  go 
forward,  they  frequently  put  out  their  Horns  to 
fearch  out  what  Dangers  may  lie  in  the  way  ♦,  their 
Eyes  being  alfo  fixed  in  the  Tips  of  their  Horns  : 
but  when  the  timorous  Reptile  meets  with  any  hard 
Obflacle,  the  Horns  are  immediately  retraced. 
The  fame  thing  takes  place  in  the  nervous  Papillae, 
only  it  is  much  lefs  confpicuous. 


The 
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8  The  Organs  of  this  Senfe  are  the  fubcutaneous 
Nerves,  which  having  depofited  their  Coverings 
or  tough  Skins,  form  with  them  one  continued 
Integument,  whofe  Veffels  are  fo  final],  that  they 
cannot  be  render’d  vifible  by  any  Inflammation, 
Injedlion,  or  even  by  the  Micrcfcope  ;  but  imme¬ 
diately  under  this  Cuticle  is  fpread  a  fofter  Sub- 
fiance,  known  by  the  Name  of  the  reticular  Bo¬ 
dy,  which  is  unequally  furfaced,  having  Furrows 
which  intercept  Spaces,  in  the  Cavity  whereof  are 
lodged  the  Papilla  :  nor  do  the  Furrows  belong 
to  the  Cuticle,  but  to  the  reticular  Body. 

§.482.  But  with  refpedt  to  thefe  Papillae, 
it  is  very  remarkable  and  furprifing,  that  tho* 
they  are  difpofed  in  a  perpendicular  Pofltion 
with  refpedl  to  the  Skin  in  the  other  Parts  of 
the  Body,  yet  at  the  Ends  of  the  Fingers  and 
Toes  they  lie  extended 1  according  to  the  Length 
of  the  Joints ;  from  whence  they  are  continu¬ 
ed  and  folded  up  in  the  Cuticle  2,  as  in  Sheaths, 
in  which  becoming  dry,  they  are  condenfed 
into  the  Nails  $  and  by  means  of  the  confoli- 
dated  or  condenfed  cutaneous  Veffels,  ferve 
to  defend  3  the  Papillae,  and  are  fitted  \  to 
prevent  them  from  growing  callous. 

1  We  obferve  firfl  Striae,  which  on  the  outfide 
and  lateral  Parts  of  the  Ends  of  the  Finges,  run 
parallel  *,  but  betwixt  thefe  Striae  are  difpofed  the 
Papillae,  not  perpendicularly  erefled,  but  difpofed 
one  over  the  other  in  Strata.  When  thefe  Strim 
touch  the  Nail,  there  the  exterior  Papillae,  with 
the  cutaneous  Veffels  and  Cuticle  itfelf,  are  extend¬ 
ed  into  right  Lines,  and  hardened  into  the  Sub- 

B  3  fiance 
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fiance  of  the  Nail  itfelf ;  but  the  remaining  lower 
Striae,  which  are  placed  under  the  Nail,  go  on 
clofe  together  in  right  Lines,  and  cover  the  Nail. 
But  thole  Papillae  which  are  continued  laterally  to 
form  the  Nail,  diverge  and  fpread  themfelves  on 
e^ch  Side  towards  the  Fingers  ;  upon  which  they 
form  thofe  fpiral  Lines,  which  are  peculiar  to  the 
Skin  in  the  Fingers  Ends. 

1  To  this  adhere  the  Nails  ;  and  the  Nails  fe- 
parate  or  come  oil7  with  that  Glove  of  the  Cuticle, 
which  Anatomifts  take  off  from  the  Hands  of  a 
Foetus  by  Maceration. 

3  Under  the  Nails  the  naked  Papillse  are  ex¬ 
tremely  fenfible  ;  and  by  cutting  the  Nails  too 
clofe,  they  occafion  not  fo  much  a  Pain,  as  an  in¬ 
tolerable  Uneafinefs  in  feeling. 

4  In  moft  Animals  there  is  ffill  another  Ufe  of 
the  Nails,  of  which  the  human  Species  are  like- 
wife  not  wholly  deflitute  *,  for  if  we  negledl  our 
Nails  they  grow  out  into  long  Cones,  like  unto 
the  Talons  of  an  Eagle,  whenever  they  are  allow¬ 
ed  to  grow  on  without  cutting  for  a  confiderable 
time.  Thus  it  is  with  the  Chine fe ,  who  fuffer 
their  Nails  to  grow  from  a  Principle  of  Religion, 
and  for  a  Mark  of  Dignity.  But  in  all  rapacious 
Brutes,  whether  Quadrupeds,  Birds,  or  Infers, 
the  Nails  are  given  as  Inftruments  of  Safety  for 
defending  themfelves,  and  making  War  upon 
others. 

§.  483.  The  Touch  then  is  performed  by 
applying  the  End  of  the  Finger  *  to  the  fenlL 
ble  Objedt  which  is  to  be  examined,  and  while 
the  Papillas  are  eredted  or  extended  2  by  the  At¬ 
tention  of  the  Mind,  by  gently  3  rubbing  them 
over  the  Surface  of  the  Objedt,  a  certain  Mo - 
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tion  4  is  impreffed  upon  thofe  extended  Papil¬ 
lae  ;  the  Effefl:  of  which  is  conveyed  to  the 
common  Sen  Tory,  where  it  excites  in  the 
Mind  the  Idea  5  of  Heat  6 ,  Cold,  Moifture, 
Drinels,  Softnefs,  Hardnefs,  Smoothned, 
Roughnefs,  Figure,  Motion,  Ref!:,  Diftancel , 
Titillation  8,  Itching  9  and  Fain,. 

1  This  might  be  performed  as  well  by  the  Toes 
as  the  Fingers,  if  we  did  not  continually  walk  in 
Shoes,  and  render  the  Papilla  callous  or  infenfible 
by  the  continued  PrefTure  of  the  Body. 

a  At  lead  they  are  eredled  when  the  Mind  is  at¬ 
tentive,  if  they  are  not  extended  or  thruft  out. 

3  The  whole  Touch  is  the  Refinance  of  the  Bo¬ 
dy  which  we  feel.  If  this  Refidance  is  moderate, 
the  Feeling  is  diftindl  *,  but  if  violent,  a  Pain  ari- 
fes  in  the  fenfitive  Organ :  thus  when  the  Cuticle 
is  off  from  the  Finger,  we  do  not  didinguifh  the 
Qualities  of  Bodies,  but  are  only  fenfible  of  a  Pain 
in  the  Organ. 

4  Motion  is  nothing  more  than  a  Change  of 
Surface  ;  but  yet  the  fame  being  conveyed  by  the 
contiguous  Nerves  to  the  Mind,  does  there  imprefs 
its  certain  and  determinate  Idea. 

5  The  Organid  of  Amersfort ,  concerning  whom 
Mr.  Boyle  writes,  that  he  had  fo  exquifite  a  Touch 
that  he  could  diftinguilh  Colours  and  black  Letters 
by  Feeling,  when  he  was  fading  and  the  Seafon 
of  the  Year  not  too  dry. 

6  We  call  a  thing  warm  or  tepid,  which  has  the 
fame  Degree  of  Heat  with  that  of  the  human  Bo¬ 
dy  ;  and  hot  when  the  Heat  exceeds  that  of  our 
Body :  but  that  which  has  a  lefs  Heat  than  our 
Body  is  faid  to  be  cold.  This  Senfe  of  Heat  is 
perceived  by  the  whole  human  Body,  but  is  more 
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exquifite  in  the  Ends  of  the  Fingers  and  Tip  of 
the  Tongue  ;  that  is,  wherever  the  nervous  Papil¬ 
la  abound  or  are  moft  numerous. 

7  This  is  a  furprifing  Obfervation  propofed  by 
Cartefius .  A  blind  Man  or  any  other  Perfon  in 
the  moft  profound  Darknefs  will  be  in  no  Danger 
of  running  againft  hard  Bodies,  provided  the 
Hands  are  armed  with  Sticks  crofting  each  other ; 
the  Ends  of  which  ftrike  againft  the  Bodies  or  Ob- 
ftacles  to  be  avoided.  From  hence  it  appears, 
that  there  is  a  kind  of  natural  Trigonometry  in  us, 
and  that  our  Bodies  are  taken  for  the  Bafe  of  the 
Triangle,  the  Sticks  for  the  Sides,  and  the  Mind 
concludes  from  the  Vicinity  of  the  greater  Angle 
of  the  Vertex  concerning  the  Nearnefs  of  the  Body 
or  Objedt ;  and  from  the  Smallnefs  of  the  fame 
Angle  it  judges  the  Objedt  to  be  more  remote. 

8  For  thus  we  call  that  State  of  a  Nerve  in 
which  it  is  fo  far  extended,  that  a  fmall  Degree  of 
greater  Tenfion  will  excite  Pain.  The  Vellication 
which  we  perceive  from  a  Feather  in  the  Nofe,  is 
not  Pain,  and  yet  it  is  intolerable,  infomuch  that 
being  continued,  the  Vellication  is  communicated 
to  the  larger  Nerves  and  then  Convulftons  are  ex¬ 
cited. 

9  Nothing  is  more  pleafing  than  this  Senfe,  nor 
is  there  any  other  corporeal  Plealure.  It  exceeds 
Titillation -in  a  fmall  Degree  of  greater  Tenfion  in 
the  Nerves,  which  is  fuch  in  this  Cafe,  that  by 
continuing  or  a  little  increafing  the  Nerve  may  be 
broke.  It  is  very  well  known  how  fevere  a  Pain 
follows  a  violent  Itching.  In  the  Itch  the  Cuticle 
being  elevated  leaves  a  Cavity  betwixt  itfelf  and 
the  Papillae,  full  of  an  acrid  Liquor,  with  which 
the  Papillae  are  ftimulated  ;  and  from  thence  arifes 
fuch  an  intolerable  Itching,  that  I  have  feen  fome 
Men  faint  a\yay  by  the  Excels  of  Pleafure  which 

they 
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they  have  from  thence  received.  But  if  the  itch¬ 
ing  Part  is  fo  intolerable  from  the  Senfe,  that  it 
obliges  the  Perfon  to  fcratch  with  the  Nails,  a 
continual  Pain  follows  from  a  Diffolution  of  the 
Nerves.  Thus  nearly  has  Nature  united  Pain  to 
Pleafure. 

...  -s  -  .....  •  ;  ;  ...  "  '  ’  •  h- 

§.  484.  From  hence  it  appears,  why  we 
feel  Pain  1  "by  touching  an  Gbjeft  after  the 
Cuticle  has  been  abraded  by  rubbing,  macera¬ 
ting,  walking  or  burning  ?  why  the  Touch 
or  Feeling  is  deftroyed,  when  the  Cuticle  is 
render’d  thick,  hard  and  callous  2,  or  corrupt¬ 
ed  by  a  Scar  ?  what  is  the  Caufe  of  that  won¬ 
derful  Motion  of  the  Body  from  trembling, 
and  of  that  diiagreeable  Numbnefs,  gradually 
tending  to  an  Infenfibility,  which  arifes  from 
the  Fifh  called  ^Torpedo  3  ?  why  the  Pain  4  is 
fo  fevere  on  the  Infide  of  the  Nail  attached  to 
the  fubjacent  Skin,  and  at  the  Roots  of  the 
Nails?  and  laftly  why  the  Senfe  of  Touch  is 
moft  exquifite  where  the  Nails  5  grow,  and 
where  the  Sulci  or  Furrows  of  the  Cuticle  are 
fpiral 6  ? 

1  Becaufe  then  the  fmall  Nerves  or  Papillae  being 
render’d  too  fenfible,  are  eafily  deftroyed.  Such 
an  intolerable  Sorenefs  or  Incapacity  of  Feeling  we 
obferve  after  the  thin  Skin  has  been  abraded  from 
the  Lips  >  and  likewife  after  a  Nail  has  been  tore 
off,  and  after  large  Cailofities  of  the  Cuticle  have 
been  caft  off,  when  the  Patient  has  recovered  from 
an  ardent  Fever. 

a  This  is  no  more  wonderful  than  if  one  fhould 
fay,  that  a  Hand  in  a  Glove  cannot  feel  with  fo 
much  Accuracy  as  if  it  was  naked  s  for  a  Callus 

like 
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like  a  Glove  prevents  the  A6tion  of  the  fenfible 
Objedfc  upon  the  Nerves.  The  Hand  of  a  tender 
Girl  being  pricked  with  a  fmall  Needle,  continual¬ 
ly  bleeds  to  a  confiderable  Quantity  •,  whereas  the 
fame  Puncture  would  not  be  perceived  in  the  hard 
Hand  of  a  laborious  Man.  Hence  the  Blackfmiths 
of  Leyden  have  fuch  thick  Callofities  in  their  Hands, 
that  you  may  fometimes  fee  them  handling  the  red 
hot  Iron  ;  the  Callus  at  the  fame  time  burning, 
fmoaking  and  {linking,  and  all  without  any  Senfe 
of  Pain.  But  a  Callus  is  a  Tumor  arifing  from  a 
Complication  of  the  cutaneous  Veffels  continually 
preffed  together  until  they  cohere  in  feveral  Strata. 

5  Arittotle  and  I’heophrafius  give  us  the  Hifto- 
ry  of  a  Fifh  refembling  a  Skate,  which  being 
touched  either  by  the  Hand,  a  Stick,  or  even  with 
a  Net  flupifies  or  benumbs  the  Senfe  of  Feeling  in  a 
Perfon,  and  fometimes  when  the  Caufe  is  ftronger 
excites  Convulfions.  But  fome  of  the  Moderns 
efteem  thefe  Accounts  of  the  ancient  Hiftorians  as 
fabulous  ;  and  yet  the  lateft  Travellers  through 
both  the  Indies  confirm  the  whole  Account.  The 
Theory  of  this  wonderful  Phenomenon  has  been 
given  us  by  Borelli ;  namely,  that  there  is  a  very 
ftrong  and  tenfe  Mufde  under  the  whole  Skin 
of  this  Fifh,  which  contradls  when  the  Fifh  en¬ 
deavours  to  efcape  from  the  thing  that  touches 
It,  and  foon  after  is  fwelled  or  elevated  again  5 
both  which  Motions  are  performed  reciprocally 
with  fo  much  Velocity  one  after  another,  as  to 
excite  thofe  troublefome  Tremors,  which  even  di- 
ilurbs  the  common  Senfory  of  any  Man :  whereas 
nothing  of  this  happens  when  the  Fifh  is  dead-. 
To  me  indeed  the  whole  Affair  feems  to  be  no 
great  Difficulty.  When  a  Saw  which  is  very 
tight  and  fhort  is  fharpened  by  the  File  drawn 
fwiftly  over  it?  or  if  a  glafs  Ball  is  cut  or  fawed 

as 
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as  it  were  by  the  Knife,  or  laflly  when  a  mufical 
Chord  very  fhort  and  tenle  is  moved  by  the  Bow* 
fuch  an  intolerable  fcreaking  Noife  arifes  as  fets 
the  Teeth  on  Edge  ^  fo  that  every  one  would 
gladly  get  rid  of  it  at  any  Price.  But  yet  in  this 
Cafe  nothing  more  happens  than  a  Tremor  in  the 
auditory  Nerve,  corresponding  to  the  Tremors  of 
the  Iron  which  is  filed.  By  the  fame  Reafon 
therefore  when  the  Torpedo- fifh  excites  mod  fwift 
Tremors  by  its  Mufcles,  the  Nerves  of  the  Per- 
fon  who  touches  the  ftuporiferous  Animal  are  ex¬ 
cited  into  Tremors  of  the  like  Nature.  Nor  is 
it  wonderful  that  this  Effed  fhould  be  communi¬ 
cated  through  Sticks,  or  even  through  the  Nets 
themfelves :  for  if  a  long  Stick  or  Pole  be  fufpend*- 
ed  by  the  Teeth,  and  any  Perfon  ftrikes  the  Pole 
at  the  other  End,  the  Stroke  will  be  perceived 
as  flrong  in  the  Head  as  if  it  was  immediately 
in  hided  upon  that  Part. 

4  The  Papillae  which  lie  naked  and  parallel  to 
each  other  under  the  Nails,  are  continued  like 
Scales  over  each  other,  and  proceed  in  that  manner 
in  great  Numbers  to  the  End  of  the  Finger.  If 
thefe  Papilla  are  carelefsly  expofed  by  cutting  off 
too  much  of  the  Nail,  a  very  acute  and  trouble- 
fome  Senfation  will  arife  whenever  the  Finger 
touches  another  Body  •,  which  yet  is  fomething 
different  from  Pain,  and  gradually  goes  off  as  the 
Nail  grows  up,  and  repairs  the  former  Covering 
of  the  Papillae, 

5  Becaufe  there  the  Papillae  are  difpofed  like 
Scales  or  Tiles.  When  an  Inflammation  is  there 
feared,  a  moft  intenfe  Pain  follows,  which  a  pru¬ 
dent  Surgeon  allays  by  making  an  Incifion  through 
the  Nail,  without  which  the  Pain  might  arife  to 
fuch  a  height,  as  even  to  produce  Convulfions 
themfelves. 

For 
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6  For  here  they  are  more  numerous,  whereas  in 
other  Parts  of  the  Body  they  are  not  fet  fo  thick 
together,  but  lie  fcattered  at  greater  Diftances. 
To  which  add,  that  in  the  Fingers  Ends  there 
are  neither  Mufcles  or  Fat,  but  only  a  Sort  of 
fpungy  Fleih,  throughout  which  the  Papillae  are 
difperfed  in  great  Numbers. 


Of  the  Ta  s  t  e. 

§.  485.  N  the  Back  of  the  Tongue  x,  ef- 

pecially  towards  the  Point  and 
Sides  thereof,  under  its  Skin2  lie  obtufe  Pa¬ 
pillae,  which  are  obferved  of  three  Kinds  3,  and 
which  eredt  themfelves  apparently  in  a  Tongue 
that  is  living,  warm,  moift  and  thruft  out  of 
the  Mouth  to  tafte  any  fapid  Body,  more  es¬ 
pecially  when  a  Perfon  is  faffing ;  but  in  dead 
Bodies  thefe  Papillae  of  the  Tongue  difappear. 
They  arife  from  the  nervous  Body  which  lies 
upon  the  mufcular  Flefh  of  the  Tongue, 
lodged  in  a  kind  of  fine  cellular  Membrane, 
containing  a  little  Fat,  from  whence  they  rife 
up  and  perforate  the  reticular  Body,  diredlly 
in  the  fame  Manner  as  we  obferved  before  in 
the  Skin  ;  (at  §.  417,  41 8.)  they  are  then  con¬ 
fined  in  eredt  Capfules  or  Cafes  4  continued 
from  the  exterior  Membrane  of  the  Tongue, 
by  which  they  are  defended  again  ft  the 
Roughnefs,  Acrimony,  and  Heat  of  every 
thing  taken  into  the  Mouth.  Thefe  Vaginas 
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or  Capfules  are  full  of  Pores,  and  project  5  or 
flick  out  in  fuch  a  manner,  that  the  Food  or 
Drink  by  Prejjure  6  acts  principally  upon 
them,  that  they  may  receive  the  Impreflion 
of  the  fapid  Objedt. 

1  The  principal  Office  of  this  fmall  Member  is 
for  the  Tafte,  its  fecond  Ufe  is  to  affift  in  Deglu¬ 
tition,  and  its  third  to  modulate  the  Speech  or 
Voice. 

a  This  Name  I  give  to  that  Integument  which 
is  fpread  upon  the  Back  and  Root  of  the  Tongue, 
upon  the  middle  of  which  it  is  thickeft,  and  grows 
gradually  thinner  towards  the  fides  and  tip,  being 
in  all  other  refpedts  like  the  Skin  itfelf :  but  below 
in  the  Belly  of  the  Tongue,  it  is  of  quite  a  diffe¬ 
rent  Fabric.  When  this  Skin  is  taken  off,  which 
is  molt  eafily  performed  by  boiling,  the  Tongue 
appears  very  rough,  and  befet  on  all  Sides  with 
protuberant  Papilla  covered  with  the  reticular  Bo¬ 
dy  of  Malpighi ,  which  receives  the  Papillae  into 
its  Cavities.  At  the  Mouth  or  Divifion  of  the 
Lips  the  Skin  terminates  as  if  it  was  cut  off;  but 
then  the  Cuticle  is  continued  over  the  Lips,  which 
appear  very  red  from  their  numerous  fmall  Veffels, 
and  which  bleed  plentifully  whenever  the  Cuticle 
is  peeled  off.  The  fame  Cuticle  continues  alfo  to 
cover  the  Cheeks  internally,  together  with  the 
Gums  even  to  the  Root  of  the  Tongue,  where  it  is 
continued  thin  at  the  Sides  *,  but  on  the  Back  of 
the  Tongue  it  is  much  like  Leather,  or  callous, 
and  in  Thicknefs  almoft  equal  to  the  eighth  Part 
of  an  Inch :  for  in  the  middle  of  the  Back  of  the 
Tongue  the  Aliments  are  preffed  againft  the  Pa¬ 
late  ;  from  whence  it  is  that  the  Tongue  itfelf  and 
Periohsum  of  the  Palate- Bones  become  callous  by 
this  Preffure  and  Attrition,  which  being  little  or 

nothing 
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nothing  upon  the  lower  Part  of  the  Tongue,  the 
Skin  is  there  extremely  thin.  This  thick  Integu¬ 
ment  therefore  of  the  Tongue,  alfo  forms  the  Co¬ 
verings  of  the  ninth  Pair  of  Nerves. 

3  Some  conical,  others  like  Mufhrooms,  and 
others  again  infledted  like  Arches.  Thofe  Papil¬ 
lae  which  are  the  larged,  mod  obtufe  and  hard, 
are  the  lead  numerous,  are  comprehended  in  parti¬ 
cular  Cavities  of  their  own,  and  are  feated  at  the 
Root  of  the  Back  of  the  Tongue  *,  while  thofe 
which  are  fmal  l.  Tender,  and  arched,  are  obferved 
the  mod  numerous  ;  while  on  the  Sides  of  the 
Tongue,  the  Papillae  are  difpofed  in  a  fort  of 
Medium  betwixt  the  two  former. 

4  The  Tongue  ought  to  be  fenfible  for  the 
Tade,  and  yet  not  capable  of  being  injured  by  a 
flight  Violence.  Hence  it  is  both  furniflied  with 
numerous  Nerves,  and  at  the  fame  time  defended 
with  very  thick  Coverings.  The  covered  Papillse 
lie  concealed  like  Horns  perforating  the  Pores  of  a 
Spunge.  Hence  a  Perfon  is  able  to  fwallow 
Drink  almofl  fcalding,  namely,  by  reafon  of  the 
Thicknels  of  this  Covering  of  the  Papillae. 

5  The  Tongue  of  a  hungry  and  fading  Perfon 
appears  befet  with  rough  Tubercles,  whenever  any 
Food  is  offered  to  his  Sight,  which  can  excite  the 
Appetite.  But  when  the  Tade  is  dedroyed,  and 
the  Perfon  is  dead,  the  Tongue  looks  fmooth  ; 
and  hence  it  is  that  the  Papillae  are  icarce  demon- 
Arable  in  the  anterior  Part  of  a  dead  Tongue,  fo 
that  Anatomids  ufuafly  take  the  Tongue  of  an 
Ox  to  fhew  thefe  Papillae. 

6  When  the  Food  is  prefled  too  drongly  again  A 
the  Tongue,  no  Tade  arifes  ;  but  a  Perfon  will 
rightly  diflinguifli  the  Tade  of  a  fapid  Body,  by 
gently  prefling  it  againd  the  Surface  of  the  Tongue, 
thrud  up  againd  the  Palate. 
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§.  486.  And  it  appears  probable  that  thefe 
Papillae,  which  are  fo  very  numerous,  arife 
from  the  ninth  1  Pair  of  Nerves  fent  to  the 
Tongue,  and  distributed  through  it ;  but  that 
a  Branch  of  the  fifth  Pair  of  Nerves  is  alfc 
fent  into  the  Mujcles  2  of  the  Tongue  for  its 
voluntary  Motions,  diftindt  from  that  of  the 
Senfe  of  tailing,  as  we  obferve  in  other  Parts. 

1  For  this  Pair  of  Nerves  belongs  only  and  en¬ 
tirely  to  the  T ongue  ;  whereas  the  fifth  Pair  is  di- 
ftributed  to  various  Mufcles,  and  likewife  to  other 
Senfes *,  as,  for  Inftance,  to  the  Nofe. 

a  No  Part  of  the  Body  is  more  nimble  or  adlive 
than  the  Tongue  :  It  is  not  loaded  with  Fat,  and 
yet  the  adipofe  Membrane  is  interpofed  betwixt  the 
ieveral  Strata  of  its  mufcular  Fibres  ;  but  in  this 
adipofe  or  cellular  Membrane  is  the  Seat  of  great 
Diforders  ;  and  thence  it  is  that  fkilful  Surgeons  are 
fo  much  afraid  of  Injuries  of  the  Tongue,  fuch  as 
Wounds,  Contufions,  Inflammations,  Warts,  Bi¬ 
ting  of  it,  &c>  for  thefe  Diforders  eafily  fpread 
through  the  cellular  Membrane,  and  a  Cancer  itfelf 
follows,  which  often  cannot  be  removed  even  by 
Extirpation. 

§.  487.  Bellini  has  demonflrated  by  Experi¬ 
ments  diligently  and  accurately  made,  that 
thefe  Papillae  are  the  Organs  to  which  the  fa~ 
pid  Qbjedl  is  applied  in  order  to  excite  Tafle 
to  which  the  other  Parts  of  the  Mouth, Tongue, 
Fauces,  and  Palate,  do  not  at  all  conduce j 
but  perhaps  thofe  Papilla  which  are  feated  in 
that  Part  within-fide  the  Cheeks,  where  the 
. grinding  Teeth  2  of  each  Jaw  meet,  may  have 
fome  Share  in  the  Tafte,  The 
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*  The  Tafte  is  no  where  perceived  but  in  the 
Tip  of  the  Tongue  and  Parts  next  adjacent.  Bel¬ 
lini  has  made  the  Experiment  upon  himfelf  with 
his  Mouth  open  before  a  Looking-glafs,  as  alfo 
upon  another  Friend  being  prefent.  He  dipped  a 
Pencil-Brufh  in  fome  ffrong  tailed  Juice,  as  in  that 
of  Lemons,  difiblved  Sugar,  Sal  Ammoniacum, 
&c.  and  applying  them  fucceftively  to  the  Cheeks, 
Palate,  Gums,  and  Root  of  the  Tongue,  no  other 
Senfe  arofe  from  thence  but  that  of  Coldnefs  or 
Moiilure.  He  then  applied  the  fame  Brufh  to  the 
Tip  of  the  Tongue,  and  immediately  there  was  al¬ 
ways  perceived  a  Senfe  of  Sourenefs,  Sweetnefs,  or 
Saltnefs  to  the  Tafte.  In  the  Root  of  the  Tongue 
there  is  indeed  fome  Degree  of  Tafte,  but  more 
dull.  All  thefe  Experiments  I  have  likewife  re¬ 
peated  upon  myfelf, 

3-  Ruminating  Animals  throw  up  a  fecond  time 
into  their  Mouth  the  Food  which  they  fwallowed 
with  little  Maftication.  But  that  this  fecond  MaftF 
cation  might  not  be  without  giving  fome  Pleafure 
to  the  Animal,  Nature  has  placed  guftatory  Papil¬ 
la  within  the  Mouth  near  the  grinding  Teeth  ; 
which  Papillae  appear  like  little  Horns  in  the 
Cheeks  of  an  Ox,  or  in  the  Head  of  a  Sheep  after 
boiling.  But  thefe  have  been  alfo  found  by  Ruyfch 
in  the  human  Cheek  after  a  happy  Injedtion  ;  for 
after  taking  off  the  Cuticle  lining  the  Mouth,  he 
found  that  there  were  nervous  Papiilse  feated  near 
the  Emiffaries  or  Mouths  of  the  falival  Dudls, 
which  are  certainly  in  fome  meafure  Organs  of 
Tafte,  though  more  dull  than  thole  of  the  Tongue. 
In  the  Palate  there  is  no  Tafte  at  all,  notwithftand- 
ing  almoft  all  People  by  an  epidemical  Error  make 
it  the  Seat  of  that  agreeable  Senfe  of  tafting. 
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§.  488.  That  Matter  in  vegetable  and  ani¬ 
mal  Subftances,  from  whence  Art  extrads 
Salt  and  Oil  either  feparately  or  mixed  toge¬ 
ther,  is  the  true  Objed  or  Matter  of  Tafte ; 
which  Matter  therefore  is  either  Salt *,  Soap, 
Oil,  or  Spirit ;  and  the  fame  is  alfo  true  with 
relped  to  Foffils. 

1  Earth  and  Water  are  infipid,  nor  has  Oil  any 
Tafte  but  from  fome  ocher  Principle.  For  of  it- 
felf  Oil  is  fweet  or  infipid  and  fmooth,  if  it  is 
pure  and  not  mixed  with  any  foreign  Matter.  But 
the  fpirituous  Redor  which  refides  in  all  Oils  more 
Or  lefs,  gives  them  fome  Tafte  ;  but  if  that  is  re¬ 
moved,  there  is  no  manner  of  Tafte  left  in  the 
Oil.  But  by  the  Name  of  fpirituous  Redor  we 
here  underftand  that  moft  fubtle  Part  of  the  Oil, 
or  moft  attenuated  Spirit,  which  is  generally  of  a 
ftrong  or  pleafant  Odour,  and  whofe  Force  is  im- 
menfly  great  in  proportion  to  its  Bulk.  This  is 
eafily  demonftrated  in  Wine,  or  even  in  Ale  itfelf ; 
for  when  thefe  are  lately  drawn  out  from  the  Calk, 
they  are  extremely  pleafant  both  to  the  Smell  and 
Tafte  *,  whereas  by  {landing  expofed  to  the  Air 
but  for  the  fpace  ot  a  few  Minutes,  they  lofe  their 
Agreeablenefs,  and  become  v flat  or  dead  without 
fuffering  any  fenfible  Lofs  in  their  Weight.  That 
Part  therefore  which  is  the  Principle  of  Tafte  is 
indeed  very  fmall,  and  generally  refides  in  the  Salt 
and  fpirituous  Redor  reduced  with  the  Oil  into  a 
Soap.  See  our  Chemiftry ,  Vol.  I.  p.  80. 

§.  489.  Tafte  therefore  is  excited  when  the 
Objed  or  Matter  to  be  tailed  (488.)  is  attenu¬ 
ated  J,  and  as  ufually  dijj'olved  2  in  the  Saliva, 

C  warmed 
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warmed  3  in  the  Mouth  and  applied  to  the 
Tongue  by  the  Motion  of  the  circumjacent 
Parts  of  the  Mouth  3  and  thus  the  fapid  Par¬ 
ticles  infinuating  through  the  Pores  of  the 
membranous  Vaginas,  penetrate  to  the  Surface 
of  the  nervous  Papilla  which  are  lodged  in 
thefe  Vagins  (485.),  and  which  are  thus  af¬ 
fected,  moved,  and  the  impreffed  Motion  con¬ 
veyed  from  them  to  the  common  Senfory, 
where  it  excites  an  Idea  in  the  Mind  of  Salt- 
nefs  4,  Acidity  5,  Alcaly  6,  Sweet  nefs  7,  Vino- 
fity  8,  Spirituoufnefs,  Bitter  nefs  9,  Spi chiefs  IO, 
Heat  or  Pungency  11 ,  Roughnefs  12>  or  elfe  a 
Tafte  compounded  of  thefe. 

1  Hence  the  Pleafantnefs  of  the  Tafte  is  increa- 
fed  by  Maftication ;  and  even  fapid  Bodies  them- 
felves  have  a  lefs  Tafte,  if  they  are  applied  upon 
the  Tongue  quietly,  without  any  Motion  or  Pref* 
fure  againft  the  fame. 

4  Salts  tafte  only  when  they  are  diftolved,  as 
Bellini  obferves,  and  the  Tongue  tafteth  nothing, 
unlefs  what  has  been  lo  highly  attenuated  as  to  be 
capable  of  penetrating  through  the  Pores  of  the 
external  Coat  of  the  Tongue  to  the  Papillae. 

3  Things  which  are  extremely  Cold  are  not 
tailed  *,  nor  can  the  Tafte  be  exercifed  where  the 
Tongue  itfelf  is  exquifitely  cold.  Hence  we  read 
in  the  Travels  of  the  Prince  de  Radzivile ,  that  it 
was  obferved  that  every  thing  loft  its  Tafte  upon 
the  Top  of  the  Pike  of  the  Mountain  of  Teneriff* 
nor  did  Spirit  of  Wine  itfelf  retain  its  Strength, 
but  only  the  oily  Wines  of  Spain  and  Canary  pre- 
ferved  their  Strength  uninjured. 

4  By  this  Name  we  underftand  the  Tafte  of 
Sea-falt,  Sal-gem,  or  the  Salt  made  from  Springs, 

which 
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which  Tafte  we  alfo  call  muriatic*  But  in  a  more 
general  Senfe  it  may  be  taken  to  comprehend  cry¬ 
stalline  Salts  of  any  kind,  not  excepting  thofe 
which  are  termed  effential  from  V ege tables,  as  the 
Sal  Acetofae,  &c, 

5  Such  an  Acidity  is  tailed  in  Garden  Fruits,  in 
Wine,  in  Vinegar,  Spirit  of  Sulphur,  of  Nitre 
and  of  Vitriol.  For  all  thefe  are  Acids,  however 
widely  they  may  differ  among  themfelves* 

6  Alcaly  may  be  particularly  tailed  in  putrid 
Urine,  and  from  thence  Salts  having  fuch  a  Tafte 
are  termed  urinous.  Nor  yet  is  there  here  an  uri¬ 
nous  Tafte  in  the  Salts  of  the  Urine  naturally. 
For  if  recent  Urine  be  diftilled  with  a  moderate 
Fire,  it  fends  over  a  mere  Water  ;  but  if  to 
the  fame  Urine  you  add  any  fixed  alcaline  Salt, 
the  Urine  then  continually  exhales  a  volatile  alca¬ 
line  Salt.  And  in  the  fame  manner  fixed  alcaline 
Salts  mixing  with  our  Saliva  in  the  Mouth,  caufe 
a  Separation  of  a  volatile  alcaline  Salt  which  gives 
an  urinous  Tafte. 

7  Of  Sweets  there  are  many  Kinds,  fome  tailing 
like  Honey,  others  like  Sugar,  Manna,  Caffia, 
ripe  Garden  Fruits,  or  even  Vinegar  abforbed  into 
the  Pores  of  corroded  Lead,  &c. 

8  There  are  perhaps  a  thoufand  different  tailed 
Wines,  and  as  many  Sorts  of  Ale,  all  which  arife 
from  the  fpirituous  Redlor  mixed  with  an  oily 
Acid  ;  the  Tafte  of  which  latter  is  the  fame  from 
whatever  Vegetable  it  is  produced,  provided  it  is 
obtained  pure  and  free  from  Mixture. 

9  Formerly  they  called  the  Tafte  of  Sea- fait  alfo 
by  the  Name  of  bitter  ;  but  in  our  Times  the  Sig¬ 
nification  of  the  Term  is  altered,  and  we  call 
thofe  Bitters  which  tafte  like  Wormwood,  Aloes, 
Bile,  Coloquintida,  rancid  Oils,  Ur.  and  fuch  a 
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bitter  Tafte  alfo  arifes  from  a  Solution  of  Tin  and 
Silver  in  Spirit  of  Nitre. 

10  We  give  the  Name  of  Aromatic  or  Spici- 
nefs  to  thofe  Vegetables,  which  by  chewing  feel 
hot  to  the  Tongue  and  exhale  a  ftrong  Smell. 
Cinnamon  the  principal  of  Spices,  and  five  hun¬ 
dred  more  of  the  aromatic  Clafs,  reprefent  a  par¬ 
ticular  Smell  to  the  Mind  when  they  are  chewed 
in  the  Mouth,  even  though  the  Noftrils  are  fhut 
clofe  *,  and  if  the  Smell  of  the  fame  Aromatics 
is  only  received  through  the  Nofe,  they  are  al¬ 
fo  in  fome  meafure  tailed  at  the  fame  time.  The 
fame  is  alfo  true  with  refpe£l  to  the  Smell  of  roaft- 
ed  Flefh,  which  being  received  by  the  Nofe  of 
a  hungry  Perfon,  makes  the  Impreflion  of  its 
Tafte.  Spices  therefore  feem  to  affe£t  the  Smell 

'  and  Tafte  at  the  fame  time  ;  fince  being  taken 
by  the  Mouth  they  fill  the  Nofe  with  their  Odour, 
or  their  Smell  being  drawn  through  the  Nofe 
*  alfo  makes  the  Impreflion  of  their  Tafte  in  the 
Mouth. 

11  Pungent  Subftances  as  Euphorbium,  Capfi- 
cum,  Onions,  Horfe-raddifh,  Muftard,  &c.  are 
diftinguifhed  from  Aromatics,  in  their  being  de¬ 
ft  itute  of  an  agreeable  Smell. 

Roughnefs  or  Aufterity  is  remarkable  in  Galls, 
Oak,  unripe  Oranges,  &c.  where  the  Tafte  is  fub- 
acid  and  aftringent  in  the  Mouth. 

§.  490.  From  hence  it  is  very  evident,  how 
the  fame  Objeft  comes  to  produce  different 
Taftes  in  People  under  different  Ages  x,  Con- 
Jlitutions  2,  Difeafes  3,  or  Cuftoms  and  Sex  ? 
and  why  they  often  tafte  of  the  thing  which 
was  before  applied  4  to  the  Tongue  ? 
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Why  things  of  the  ftrongeft  Tafte,  long 
continued  are  painful  5,  as  Salt,  Spices,  Spi¬ 
rits,  &c.  efpecially  when  applied  to  the  naked  6 
Nerves,  or  to  the  Tongue  after  it  has  been 
excoriated  ? 

Why  things  agreeable  to  the  Tafte  are  alfb 
fpeedy  Rejloratives  7  ? 

And  laftly,  why  Water  8,  foft  Oil  9,  and 
"Earth  10  without  Salt  are  infipid  ?  See  §.  507. 

*  The  Smell  of  Rhenifh  Wine  when  it  is  firft 
poured  out,  does  by  its  Acrimony  caufe  the  Nofe 
of  the  new-born  Infant  to  contrad:  and  be  much 
affedted  ;  whereas  the  Smell  of  the  fame  is  extreme¬ 
ly  pleafant  to  an  adult  Perfon.  Sugar  and  other 
fweet  things  are  moft  agreeable  to  Children,  but 
in  People  who  are  advanced  in  Years,  they  feem 
to  be  too  clogging  and  weak :  but  on  the  contra¬ 
ry  things  that  are  Salt,  acrid  or  fpirituous,  difpleafe 
Children,  and  are  very  agreeable  to  adult  People  ; 
namely,  becaufe  in  tender  Children,  the  guftatory 
Nerves  are  very  fenfible  and  tender,  lo  that  they 
can  bear  only  things  which  are  of  a  mild  Tafte, 
being  too  violently  aftedted  by  fuch  as  are  acrid  : 
whereas  the  Nerves  of  adult  People  being  more 
callous,  are  not  fufficiently  moved  by  thofe  weak 
and  mild  Subftances,  but  only  by  fuch  as  are 
ftrong  and  more  pungent. 

a  Sweets  are  of  pernicious  Confequence  to  hy- 
fterical  Women  ;  and  no  wonder,  fi nee  the  Nerves 
of  the  Teeth  being  uncovered  from  their  vitrious 
Cruft,  are  by  nothing  more  injured  than  by  Su¬ 
gar,  which  increafes  the  Pain  beyond  any  thing, 
even  to  Convulftons  ;  and  for  the  fame  Reafon 
Sweets  are  prejudicial  in  the  Tooth-ach. 

c  3 
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3  From  Difeafes  arife  furprifing  Corruptions  of 
the  Tafte.  In  chlorotic  Girls  almoft  all  Taftes  are 
abolifhed  ;  and  therefore  they  are  pleafed  with 
things  that  are  acrid  and  fowre,  capable  of  pene¬ 
trating  the  redundant  Mucus  of  the  Stomach.  In 
thofe  who  have  the  Jaundice,  the  Bile  is  depofited 
together  with  the  Saliva  into  the  Mouth,  whence 
every  thing  feems  to  tafte  bitter,  though  there  is 
not  any  Fault  in  the  Food.  In  leucophlegmatic 
People  there  is  often  an  intolerable  naufeous 
Sweetnefs  in  the  Mouth,  almoft  like  that  of  Sac- 
charum  Saturni,  which  is  extremely  troublefome 
and  fometimes  fatal  :  whereas  the  Perception  of  a 
kilt  Tafte  in  the  Mouth  of  thofe  afflifted  with  the 
Plague,  is  a  moft  certain  Sign  of  Health  or  Re¬ 
covery.  Thus  I  have  been  informed,  by  fome  of 
my  Friends  of  great  Credit,  from  Afia ;  that  in 
putrid  Difeafes  the  Patient  is  very  deftrous  of  Acids 
to  the  great  Benefit  of  Nature  ;  and  in  the  fame 
Diforders  we  abhor  Alcalies  and  covet  Acids. 

4  Only  the  Order  of  taking  different  Kinds  of 
Food  the  one  after  the  other,  may  either  add  to 
or  greatly  dimini fh  the  Agreeablenefs  of  their 
Tafte.  After  muriatic  Salts  an  acid  and  watery 
Wine  is  the  moft  agreeable  ;  whereas  the  fame 
will  be  difpleafing  if  drank  after  any  thing  that 
contains  Honey  or  Sugar.  Some  of  the  Remains 
of  the  former  fapid  Body  feem  to  lodge  themfelves 
for  a  time  in  the  Pores  of  the  membranous  VagD 
nse  which  cover  the  Papillae,  until  they  are  expel¬ 
led  and  excluded  or  elfe  amicably  mixt  with  the 
Particles  of  the  fapid  Body,  which  is  laft  taken 
into  the  Mouth. 

5  It  is  a  remarkable  Obfervation  in  Malpighi , 
that  a  certain  Italian ,  named  Corbetia ,  had  the  ex¬ 
ternal  Covering  of  the  Tongue  fo  thin  that  it  was 
almoft  naked.  In  this  unfortunate  Perfon  all  Sorts 
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of  Food  which  were  taken  excited  Pain,  inkead 
of  an  agreeable  Take  *,  fo  that  none  but  a  Diet 
of  Milk,  Flefh-broths  or  Water  cohid  be  ufed 
without  Torment.  Thus  a  Tongue  which  has 
been  fcalded  by  Water  or  burnt  by  Fire,  is  not 
capable  of  Taking.  It  was  therefore  neceffary 
for  a  kind  of  Mucus  and  Vaginas  or  Covering, 
to  be  interpofed  betwixt  the  fenfible  Papilla  and 
the  fapid  Object  to  moderate  the  Senfe  ;  nor  does 
Taking  feem  capable  of  being  performed,  if  the 
Tongue  is  dekitute  of  thefe  Mediums. 

6  The  mok  pleafant  Wine  applied  to  the  naked 
Nerves,  as  for  Inftance,  in  the  Eyes,  excites  Pain 
and  Tears :  and  almok  the  fame  E debts  will  it 
produce  in  the  Nofe  and  upon  the  Tongue  of  a 
tender  Infant,  when  at  the  lame  time  nothing 
feems  more  agreeable  to  the  Tongue  of  an  adult 
Perfon. 

1  The  mok  fapid  Bodies  are  thus  inkantly  re- 
korative,  inafmuch  as  they  contain  a  great  deal  of 
the  powerful  fpirituous  Reclor,  which  alone  gives 
Take  to  infipid  Bodies,  and  is  fo  fubtle  a  Liquor 
that  Sendivogius  ekimates  it  to  be  but  nV?  Part  of 
the  whole  Body.  Thus  from  a  whole  Pound  of 
Cinnamon  there  are  fcarce  fixty  Drops  of  Oil  di- 
ftilled,  and  thofe  fixty  Drops  being  dimini fned 
but  one  Grain  in  Weight,  by  expofmg  to  the  Air, 
have  no  Take.  Yet  fo  fmall  a  Weight  or  Portion 
of  that  Angle  Grain  as  is  diffufed  through  each 
Drop  of  the  Oil,  is  capable  of  being  abforbed  by 
the  fmallek  Veins,  and  extending  to  the  Blood 
without  lofmg  its  Efficacy  fo  as  to  recruit  and  in¬ 
vigorate  the  whole  Body.  (See  §.  67.) 

8  Water,  becaufe  it  does  not  affedt  our  Senfes,  if 
it  is  weaker  than  that  Moikure  which  continually 
fupplies  the  fenfitive  Organ.  Thus  we  do  not 
perceive  the  Puliation  of  the  Heart  and  Arteries 
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while  we  are  well,  but  we  are  only  fenfible  of  it 
when  they  vibrate  with  too  great  Violence.  Hence 
pure  Water  feems  to  be  deftitute  of  Tafte,  becaufe 
it  is  lefs  fait  than  our  Saliva  ;  but  the  Tafte  of  the 
Saliva  never  leaves  the  Tongue,  and  upon  that 
account  it  is  not  perceived.  But  when  once  Wa¬ 
ter  begins  to  have  a  Tafte,  it  is  no  longer  pure. 
Things  unaccuftomed  in  general  affedl  the  Senfes 
fo  much  the  more  ftrongly,  in  proportion  as  the 
Objects  were  ufed  to  be  more  violent.  There 
was  a  certain  Englijh  Gentleman  who  by  Misfor¬ 
tune  was  condemned  to  a  fubterraneous  Prifon  de- 
ftitute  of  all  the  ufual  Light :  for  the  firft  he  could 
not  at  all  diftinguifh  any  Object,  but  afterwards  to 
his  Surprize  he  began  to  fee  the  Walls,  at  length 
he  could  diftinguifh  his  Skin,  and  at  laft  difcern 
Letters  fo  as  to  be  able  to  read.  From  whence  it 
is  fufficiently  manifeft,  that  the  weak  Rays  of 
Light  now  became  fenfible  to  the  Eye,  which  be¬ 
ing  before  more  callous  negleded  thofe  faint  lucid 
Rays.  Another  Inftance  is  related  by  Mr.  Boyle , 
of  a  Man  who  was  blind  from  his  Birth,  and  who 
being  couched  for  a  Catarad  when  he  was  come  to 
adult  Age,  did  from  the  unufual  and  fudden  ruffl¬ 
ing  of  the  Light  into  h:s  Eyes,  perceive  a  kind  of 
Pleafure  and  Itching  throughout  his  whole  Body, 
like  that  in  the  Ad  of  Venery,  with  fo  great  a 
Commotion  that  he  fainted  away  j  which  Tender- 
nefs  of  Sight  however  vanifhed  by  Degrees,  as  he 
grew  more  accuftomed  to  the  Light.  Dionyfius 
being  well  aware  of  this  Experiment,  in  order  to 
torture  his  Enemies  more  exquifitely,  ufed  to  ex¬ 
po  fe  them  fuddenly  to  the  ftrong  Light  of  the 
Noon  Sun,  by  opening  their  Eyelids  after  they  had 
been  kept  for  a  long  time  in  Darknefs. 

9  Frefh  Butter  well  wafhed  in  Water  is  infipid. 
There  is  a  wonderful  procefs  in  IJaacus  Hollandus , 
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by  which  a  mild  and  innocent  Oil  is  obtained  from 
human  Blood  :  namely,  he  diflills  by  a  ftrong  Fire 
that  very  acrid,  ill- tailed  and  fuelling  empyreu- 
matic  Oil,  and  that  Oil  he  prepares  in  a  Veflel, 
beating  it  Day  and  Night  with  Water,  altogether 
in  the  fame  Manner  as  in  making  Butter  ;  whence 
all  the  Saltnefs  went  into  the  Water,  and  the  Oil 
continued  mild,  white  and  infipid  like  that  of 
Wax.  The  great  Labour  did  not  deter  me  from 
trying  the  Experiment,  which  I  found  to  be  true. 

10  Becaufe  Earth  confilts  of  fuch  grofs  Particles 
that  they  cannot  pafs  through  the  Pores  of  the 
nervous  Vaginae,  and  by  that  means  remain 
capable  of  affeding  the  fubjacent  Papilla. 


Of  the  Smelling. 

§.  491.  r  ^HE  broad  Noftrils  tending  up¬ 


wards  from  a  larger  Capacity 


to  a  lefs  2,  and  being  double  3  or  one  on  each 
Side,  are  extremely  well  adapted  to  draw  in  4 
the  volatile  and  odoriferous  Particles  together 
with  the  Air,  fo  as  to  convey  and  apply  them 
to  the  Surface  of  their  Membranes ;  and  this 
more  efpecially  when  the  Ate  are  drawn  out¬ 
ward  below  or  contracted  5  above  by  the  united 
Adion  of  the  Conftridores  Alarum  Nafi, 
which  arife  flefhy  from  the  anterior  and  low¬ 
er  Part  of  the  fourth  Bone  of  the  upper  Jaw, 
and  are  inferted  obliquely  within  the  Ate  Na- 
rium,  fometimes  together  with  the  femilunar 
Mufcle  of  Eujiachius » 


The 
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1  The  Smelling  approaches  near  to  the  Seat  of 
Life  and  of  the  Mind.  Nothing  recruits  the 
Strength  fo  fuddenly  and  powerfully  as  a  fpirituous 
Medicine  drawn  up  the  Nofe  :  Fainting  or  Swoon- 
ings  in  hyfteric  Fits  are  by  nothing  fo  loon  remo¬ 
ved  as  by  Medicines  drawn  through  the  Nofe. 
Nor  does  any  thing  fo  foon  excite  Difeafes  as  a 
fpirituous  and  virulent  Matter  of  a  Nature  foreign 
to  our  Bodies. 

s  The  Noftrils  contract  or  grow  fmaller  upward, 
and  diminifh  in  fuch  a  Manner  that  at  their  Ter¬ 
mination  in  the  Region  above  the  Palate,  their 
Opening  is  fcarce  thicker  than  one’s  Nail.  Hence 
it  happens  that  they  may  be  eafily  clofed,  and,  like 
a  converging  or  conical  Tube  growing  narrower, 
affect  the  Nerves  with  a  ftronger  Senle  of  Smell¬ 
ing.  Hence  it  happens  that  when  the  pituitary 
Membrane  is  fwelled  as  it  frequently  is  in  a  Cold, 
the  continual  Paffage  of  the  Air  through  the  No¬ 
ftrils  is  then  intercepted,  the  Smelling  ceafes,  and 
the  Breath  of  the  Perfon  fleeping  can  be  only  drawn 
through  the  Mouth.  This  Narrownefs  of  the  Paf¬ 
fage  through  the  Noftrils  is  a  Caution  of  Nature 
to  prevent  volatile  Infedls,  Duft,  Poifons,  &c. 
from  being  drawn  through  the  open  Noftrils  into 
the  Lungs,  fo  as  to  fuffocate  the  unwary  Animal ; 
for  thus  they  are  either  repelled  by  the  Narrownefs 
of  the  Paffages,  or  elfe  they  are  refilled  by  the  op- 
pofite  Mucus  or  Hairs,  ’till  at  length  they  are  caft 
out  by  the  Force  of  Sneezing. 

3  The  anterior  Part  of  the  Nofe  is  formed  with 
a  Cartilage  that  it  might  eafily  bend  without  break¬ 
ing.  But  the  Cartilages  are  covered  with  the  fame 
olfadtory  Membrane  as  invefts  the  Bones  of  the 
Nofe. 

4  When  the  Ribs  are  elevated  and  the  Cavity  of 
the  Thorax  dilated,  the  Air  filled  with  odorous 
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Particles  ruflies  violently  through  the  Nofe  into 
the  Cavity  of  the  Lungs,  in  which  there  is  made 
an  imperfect  Vacuum.  But  that  the  Thorax  is 
a  Machine  adapted  to  form  a  Vacuum  is  eafily 
demonftrable.  For  thus  the  rnoft  flrong  fmell- 
ing  Bodies  are  excluded  from  our  Senfation  when 
we  hold  our  Breath,  nor  can  even  the  Smell  of 
Spiritus  Salis  Ammoniaci  itfelf  affed  the  Nofe 
but  when  the  Air  is  infpired  or  drawn  into  the 
Lungs. 

5  For  in  that  State  by  the  Force  of  the  infpi¬ 
red  Air,  and  the  Force  of  the  conftridor  Mufcles 
of  Euftachius ,  the  odoriferous  Particles  are  applied 
to  the  fenfible  Membranes  of  the  Nofe.  We  ufe 
this  organical  Adion  of  the  Mufcles,  when  we  en¬ 
deavour  to  accurately  diftinguifh  any  faint  Smell. 

§.  492.  But  the  Cavity  of  the  external  and 
internal  Nofe  includes  all  that  Space  into 
which  open,  i.  The  frontal  Sinus’s  which  are 
generally  formed  betwixt  the  two  Tables  of 
the  OsFrontis,  removed  from  each  other  un¬ 
der  a  Protuberance  beneath  the  Eye-lids,  from 
whence  they  open  by  a  Foramen  above  into 
the  Cavity  of  the  Noftrils,  near  the  upper 
Part  of  the  Offa  Nafi ;  they  are  lined  inter¬ 
nally  with  a  mucous  Membrane  of  the  Nofe, 
which  is  fpread  all  over  the  internal  Surface  of 
their  Cavities,  where  the  Mucus  being  formed, 
diftills  from  thence  into  the  Cavity  of  the 
Nofe.  2.  The  Antra  Higmoriana,  which  are 
large  and  feated  in  the  upper  Jaw  opening  with 
.  a  large  Aperture  into  the  Cavities  of  the  No^- 
ftrils;  and  thefe  likewife  receive  the  fame 
Membrane,  and  ferve  to  feparate,  colled  and 
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difcharge  the  Mucus  into  the  Cavity  of  the 
Nofe.  3.  The  fmall  Cells  of  the  Os  Cunei- 
forme  under  the  Os  Spongiofum,  opening  by 
feveral  diftinft:  Perforations  into  the  Cavity  of 
the  Noftrils;  which  Cells  alfo  receive  the  mu¬ 
cous  Membrane  of  the  Nofe,  which  lining  them 
feparates,  and  that  way  difcharges  the  Mucus. 

1  Thefe  frontal  Sinus’s  are  found  very  large 
when  the  Smelling  is  more  perfedt  than  ufual.  In 
hunting  Dogs  they  are  very  fmall,  but  very  large 
in  Setters,  or  thofe  which  take  the  Scent.  In 
thofe  who  have  their  Nofe  very  flat  or  deprefled, 
and  the  frontal  Sinus’s  abfent,  in  them  the  Senfe 
of  Smelling  is  either  abfent  or  lefs  than  ufual. 
Nor  are  thefe  Sinus’s  to  be  found  in  the  Foetus. 
For  all  the  Organs  of  Senfe  lie  idle  in  the  un¬ 
born  Infant,  and  are  defended  from  all  the  Im- 
preflions  of  external  Objects.  The  Ear  is  clo- 
fed  or  flopped  up,  that  the  Infant  may  not  be 
ftartled  by  any  violent  Sound,  the  Humours  of 
the  Eyes  are  turbid  or  opake,  infomuch  that  one 
would  imagine  that  new-born  Infants  were  blind  if 
the  Humours  did  not  recover  their  Clearnefs  and 
limpid  State  in  a  few  Days  time  ;  and  this  Opacity 
of  the  Humours  in  the  Eyes  of  young  Brutes  is  ftill 
greater.  In  the  fame  manner  alfo  Nature  has  not 
given  the  Foetus  any  of  the  pituitary  Sinus’s,  that 
it  might  be  fenfible  of  Smells.  But  when  as 
Age  advances,  the  Diploe  is  augmented  betwixt 
the  Tables  of  the  Cranium,  thefe  Sinus’s  are  then 
left  betwixt  them.  And  in  the  fame  manner  as 
Age  advances,  and  the  Head  grows  larger,  the 
maxillary  Sinus’s  are  formed.  It  is  the  Abfence 
of  thefe  Sinus’s  which  occafions  the  Nofes  of  young 
Children  to  be  perpetually  running  with  Mucus  ; 
for  they  are  the  Receptacles  of  the  Mucus,  with 

which 


§.493*  0/  the  Smelling.  29 

which  being  filled,  it  is  afterwards  returned  from 
them  or  regurgitated  from  the  Antra.  Thefe  Ca¬ 
vities  are  larger  in  the  Adult,  and  are  capable  of 
holding  almoft  an  Ounce  of  Liquor  :  they  are  not 
therefore  formed  by  Nature  to  no  Purpofe,  but 
with  a  View  of  increafing  the  Surface  of  the  pitui¬ 
tary  Membrane,  for  the  more  perfetrt  Performance 
of  the  Smelling  ;  and  I  am  very  apt  to  believe, 
that  if  this  Membrane  could  be  taken  out  from 
all  thofe  Cavities  uninjured,  it  would  appear  twen¬ 
ty  times  as  large  as  the  external  Nofe. 

§.  493.  Befides  thefe,  in  the  Cavity  of  the 
Noftrils  are  concealed  and  artificially  difpofed 
in  different  Parts  four  fmall  fpongy  Bones  call¬ 
ed  the  Ojfa  Spongiofa  1  of  the  Nofe,  two  in 
each  Noftril  or  Cavity  of  the  internal  Nofe; 
the  one  of  thefe  two  Pair  of  fpongy  Bones  is 
connected  above  and  before  to  the  upper  Part 
of  the  Jaw-bone,  where  it  unites  to  the  Apo- 
phyfis  of  the  Os  Frontis,  at  the  internal  An¬ 
gle  of  the  Eye ;  the  other  is  faftened  in  the 
lower  Part  of  the  Cavity  of  the  Nofe  to  the 
upper  Jaw-bone  itfelf.  Thefe  four  fmall  Bones 
are  wonderfully  framed  of  very  thin  Plates  or 
Lamella  thinner  than  Paper,  but  fo  convolu¬ 
ted  or  folded  up  together  that  they  form  a 
great  many  hollow  Cavities,  within  which  the 
pituitary  Membrane  infinuates  itfelf,  fo  as  to 
pafs  in  and  out  from  thofe  little  Caverns,  and 
accurately  invert  the  whole  Surface  betwixt 
the  Lamellae,  and  leave  a  free  Space  or  open 
Cavity  betwixt  them.  The  Cavities  of  thefe 
thin  Bones  and  of  all  their  fmaller  Cells,  have 
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a  free  and  open  Communication  into  the  Ca¬ 
vity  of  the  Nofe. 

1  The  Oda  Spongiofa  are  accurately  placed  againft 
that  Part  of  the  Noftrils  where  they  are  narrowed. 
But  they  are  compofed  of  Leaves  folded  together 
as  thin  as  Paper,  more  efpecially  in  Animals  of 
exquifite  Smell  ;  and  in  fome  Animals  where  this 
Bone  takes  the  Name  of  Turbinatum  from  its 
many  Convolutions,  there  are  at  lead  thirty  Lamel¬ 
lae,  each  of  which  are  covered  with  their  olfadlory 
Membrane,  which  may  be  bed  freed  from  the  Bone 
in  order  to  prepare  and  preferve  it  by  placing  it  in 
a  Box  full  of  Holes  in  the  midft  of  an  Ant-hill. 
Thus  there  are  fixty  plain  Sides  or  Surfaces  of  this 
Membrane,  each  equal  to  its  bony  Lamellae.  But 
it  is  man i fed  by  thefe  Means  the  Senfe  of  Smelling 
becomes  greatly  increaied,  though  it  would  be 
otherwife  dull. 

§.  494.  The  external  and  internal  Nofe 
compofed  of  Bones,  Cartilages  and  Mem¬ 
branes,  are  inveded  or  lined  with  a  thick  1  and 
foft  mucous  Membrane,  adorned  with  Myriads 
of  fmall  arterial  VeJJels  2,  and  furnifhed  with 
v  round  glandular  Corpufcles  3  together  with  ve¬ 
ry  fmall  VelTels  which  didil  a  thin  4  Lymph 
into  the  Cavity  of  the  Noftrils ;  and  under  that 
Membrane  is  fpread  the  Periodeum  and  Peri¬ 
chondrium,  which  is  a  very  thin  nervous  and 
vafcular  Membrane.  Both  thefe  Membranes’ 
conjoining  driftly  together,  infinuate  them- 
felves  into  the  Cavities  of  the  fix  Sinus’s  before- 
mentioned  (§.  492.),  and  into  the  Cells  of  the 
four  Offa  Spongiofa  (§.  493.)*  fo  that  by  a 
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wonderful  Contrivance,  this  Membrane  is  ex¬ 
panded  into  a  very  large  Surface,  within  the 
narrow  Compafs  of  the  Cavity  of  the  internal 
Nofe ;  but  they  are  difpofed  fo  as  not  to  hin¬ 
der  the  Ufe  of  each  other. 

1  Its  Thicknefs  arifes  in  a  great  meafure  from 
the  many  Cryptae  and  large  Quantity  of  Mucus ; 
for  of  itfelf  this  Membrane  is  fo  thin  that  it  fcarce 
equals  the  tenth  Part  of  the  Thicknefs  of  a  Sheet 
of  Paper. 

4  Ruyfch  having  injected  Wax  by  the  crural 
Artery  in  a  Foetus  with  great  Artifice,  found  that 
the  injedted  Matter  efcaped  through  the  Nofe, 
in  the  fame  Manner  as  if  it  had  bled,  which  is 
a  manifeft  Sign  that  the  Arteries  open  themfelves 
in  this  Part  *,  and  therefore  it  is  no  wonder  that 
by  violently  blowing  the  Nofe,  Blood  fhould 
be  fometimes  forced  out.  In  Oxen,  Sheep  and 
other  Animals  who  have  a  long  Nofe  continued 
from  their  Eyes  forward,  in  order  for  them  to 
more  accurately  diflinguifh  poifonous  from  falutary 
Herbs  by  the  Senfe  of  Smell;  in  fuch  Animals 
thefe  muciferous  Arteries  run  forward  in  a  Pa¬ 
rallel  Courfe,  and  difcharge  a  lymphatic  Juice 
with  which  the  whole  Membrane  is  moiflened : 
but  thefe  excretory  Duhls  being  obflrudled  the 
Arteries  fwell,  the  Noflrils  are  flopped  up  and 
the  Smelling  ceafes,  as  we  obferve  in  the  Diforder 
which  we  call  a  Cold. 

3  Such  glandular  Corpufcles  are  admitted  even 
by  Ruyfch ,  though  he  calls  them  by  a  feme  what 
different  Name,  to  wit  Cryptae.  In  a  healthy 
Perfon  who  has  lately  expired  by  a  violent  Death, 
upon  opening  the  Head  and  prefling  the  Mem¬ 
brane  of  the  Nofe,  it  difeharges  a  pellucid  Liquor 
readily  congealing  into  Scales,  which  feems  to  iffue 
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from  many  fmall  fpherical  Points.  With  fuch  a 
pellucid  Humour  or  one  not  much  different,  the 
Eyes  themfelves  are  moiftened,  which  Humour 
foon  congeals  into  a  white  Liniment  if  it  is  not 
•wiped  off.  With  the  Mucus  of  thefe  Glands  the 
tender  Nerves  are  defended. 

4  The  Mucus  foon  after  Secretion  is  not  thick 
or  like  a  Liniment,  but  becomes  of  that  Con¬ 
fidence  by  (landing  in  the  Cryptae  or  Cells  of  the 
Membrane ;  and  at  length  only  by  (landing  or 
exhaling  its  more  watery  Part  by  Fire  it  concretes 
into  hard  and  tough  Scales.  When  it  becomes  in¬ 
convenient  or  uneafy  by  (landing  too  long  in  the 
Nofe,  or  being  colle&ed  in  too  large  a  Quantity, 
it  is  then  ufually  difcharged  by  Sneezing ;  and 
hence  it  is  that  healthy  People  ufually  difcharge 
the  accumulated  Mucus  by  Sneezing  as  foon  as 
they  rife  in  the  Morning.  But  in  old  People  and 
in  Children  the" Heat  does  not  fo  much  diffipate 
the  thinner  Parts  of  this  Mucus,  and  therefore 
in  the  Winter-time  they  have  a  Dripping  at  the 
Nofe. 

§.  495.  The  olfaCtory  Nerves  paffing  'with¬ 
out  1  the  Dura  Mater  to  the  Os  Ethnoides, 
tranfmit  their  tender  Fibres  through  the  fmall 
Foramina  2  which  we  obferve  in  that  Bone, 
and  which  are  lined  with  Productions  of  the 
Dura  Mater;  through  thefe  Foramina  the  ner¬ 
vous  Fibres  pafs  out  of  the  Os  Cribriformae  and 
are  immediately  diftributed  throughout  the 
large  Surface  of  the  Offa  Spongiofa  (§.  494.) 
into  all  the  Sinus’s  and  Cells  (§.  492,  493.) 
in  an  accurate  Manner. 
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*  That  is,  the  foft  pulpy  Subfiance  of  the  Brain 
itfelf  being  continued  to  the  Os  Cribriforme,  paf- 
fes  through  the  Foramina  of  the  fame  Bone,  which 
are  in  veiled  with  the  Dura  Mater,  into  the  Nofe, 
where  they  are  expanded  in  the  Form  of  a  Mem¬ 
brane  ,  fo  that  within  our  Nofes  the  naked  S ab¬ 
idance  of  the  Brain  itfelf  lies  expofed.  This  is  the 
Reafon  why  the  Ancients  would  not  venture  to 
give  them  the  Name  of  Nerves,  but  called  them 
mammillary  Procefies.  In  brute  Animals  even 
the  Ventricles  of  the  Brain  itfelf  continue  their  Ca¬ 
vities  forward  with  the  olfadlory  Nerves  into  the 
Nofe,  in  fuch  a  manner  that  one  may  inflate  them 
like  Tubes,  and  even  di fiend  the  whole  Brain  itfelf 
by  blowing  through  them.  For  in  thefe  Creatures 
Nature  has  furnifhed  them  with  nothing  more  than 
an  exquifite  Senfe  of  Smelling,  in  order  to  chufe 
out  their  Food.  If  a  thoufand  different  Herbs 
are  given  to  an  Ox  or  a  Sheep  in  an  Armful  of 
Grafs,  they  will  by  their  Nofes  diftinguifh  and 
pick  out  from  all  the  reft,  that  which  may  be 
taken  as  Food  without  Injury. 

a  Thefe  Foramina  are  apparent  enough  in  the 
Skeleton,  but  in  the  recent  Body  they  are  almoft 
quite  clofed  up  :  for  the  Dura  Mater  fills  every  one 
of  thefe  Foramina,  and  is  continued  through  them 
like  a  Funnel ;  each  of  thefe  little  Funnels  being 
filled  with  its  proper  Branch  of  the  olfadlory 
Nerves,  which  are  a  Continuation  of  the  Brain 
itfelf.  But  by  the  Interpofition  of  the  Proceffus 
Crifta  Galli  the  foft  olfactory  Nerve  is  defended 
from  being  injured  by  the  incumbent  Mafs  of  the 
Brain. 

§.  496.  From  hence  it  appears  that  the  Ex- 
panfion  of  thefe  Nerves  is  very  large  1 ;  nor 
are  there  any  Nerves  throughout  the  whole 
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Body  fo  / oft 2  and  naked,  and  therefore  they 
are  more  apt  to  be  eafily  affe&ed  and  injured 
in  this  Organ  of  Senfation. 

T  The  optic  Nerve  is  expanded  into  the  Retina, 
and  the  auditory  Nerve  into  the  Membrane  of  the 
Labyrinth,  the  guftatory  Nerve  into  the  Tip  and 
Part  of  the  Side  of  the  Tongue  \  but  the  olfacto¬ 
ry  Nerve  has  an  Expanfion  even  as  large  as  that 
of  the  pituitary  Membrane  itfelf  of  Schneiderus . 

1  There  are  many  Properties  or  Affections  of 
Bodies,  which  are  no  way  difcoverable  but  by  the 
Senfe  of  fmelling.  Sugar  is  pleafant  to  theTafte, 
does  not  injure  the  Eyes,  nor  any  other  of  the 
Senfes  ;  but  the  fame  being  applied  to  the  naked 
Nerve  of  the  firft  Pair  for  fmelling,  or  being  ap¬ 
plied  to  the  naked  Nerve  of  a  Tooth,  excites  fo 
fevere  a  Pain,  as  almoft  occafions  Convulfions. 
As  thefe  Nerves  are  fo  tender  in  their  Expanfion, 
it  was  neceflary  for  them  to  be  well  defended  from 
external  Injuries,  left  they  fhould  be  foon  deftroy- 
ed  by  Attrition,  or  become  infenfible  by  contract¬ 
ing  a  Callofity.  It  is  well  known  how  fmall  a 
Force  will  deftroy  the  Senfe  of  fmelling  *,  as,  for 
Inftance,  by  walking  againft  the  Wind,  £s?r. 

§.  497.  Therefore  in  all  the  numerous 
Glands 1  of  this  Membrane,  as  alfo  from  the 
numerous  arterial  Veffels,  which  are  fo  plenti¬ 
fully  diftributed  in  little  Fafciculi  or  Bundles, 
there  is  continually  feparated  and  difcharged  a 
foft  or  in  lipid  Fluid  and  inodorous  Humour, 
almoft  without  Colour  or  the  leaft  Brackifh- 
fiefs,  which  lubricates,  moiftens,  and  defends 
the  Nerves  (§.  496.)  on  all  Sides,  and  in  all 
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their  Expanfions  throughout  the  feveral  Cavi¬ 
ties  before  defcribed  (§.  492.)  This  fame  Hu¬ 
mour  ftagnating  without  Motion,  and  collect¬ 
ed  in  a  warm  Place,  through  which  the  Air 
freely  paffes,  becomes  continually  thicker  2, 
and  is  difcharged  under  the  Name  of  Mucus 
in  all  Poftures  of  the  Body  >  the  Ufe  of  which 
Mucus  is  to  preferve  thefe  very  tender  and  na¬ 
ked  Nerves  in  their  natural  and  found  State 
for  many  Years,  which  could  not  be  effected 
otherwise. 

\ 

1  To  preferve  thefe  Nerves  fenfible,  and  at  the 
fame  time  defend  them  from  being  too  eafily  in¬ 
jured,  Nature  has  ufed  a  twofold  Precaution : 
1.  By  continually  diddling  a  thin  limpid  Humour 
by  fmall  VefTels  continued  like  a  Navel  from  each 
of  the  numerous  Cryptae  ;  which  Humour  being 
infipid  in  healthy  People,  is  yet  brackifh  in  Difor- 
ders,  and  in  thole  who  have  a  Running  at  the 
Nofe  *,  and  being  diffufed  throughout  the  whole 
pituitary  Membrane,  it  often  thickens  like  a  Li¬ 
niment.  2.  By  a  limpid  Humour  like  the  for¬ 
mer,  infipid  or  but  very  little  brackifh,  which 
diftils  immediately  from  the  open  Dudls  of  the 
parallel  Arteries,  diflributed  through  the  Mem¬ 
brane  of  Schneider  us,  without  the  Intervention  of 
any  Cryptae  or  Cells ;  fo  that  meeting  with  no 
Confinement,  it  is  difcharged  quite  thin  and  wa¬ 
tery.  Thefe  exhaling  Arteries  have  been  demon- 
ft rated  by  Ruyfch ,  by  a  Method  which  is  not  dif¬ 
ficult  to  imitate.  Let  one  of  the  carotid  and  both 
of  the  vertebral  Arteries  be  tied  in  feme  Animal, 
and  injedl  Water  by  the  other  carotid,  and  the 
Liquor  will  immediately  diftil  through  the  Nofe. 
This  Liquor  appears  to  continually  difeharge  itfelf 
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while  the  Animal  lives  *,  for  if  you  carefully  dry 
up  the  Mucus  of  the  Nofe,  it  will  in  a  little  time 
after  appear  moiftened  again  with  the  fame.  It  is 
from  thefe  laft  Dudls  continued  immediately  from 
the  Arteries,  that  Blood  is  fo  eafily  difcharged  at 
the  Nofe  by  any  violent  Irritation, 

1  Namely,  the  fame  liquid  Mucus  retained  in  the 
Sinus’s  of  the  Os  Frontis,  Sphenoides,  and  upper 
jaw,  becomes  infpiffated  into  a  thicker  Mucus, 
which  is  conveyed  into  the  Nofe  by  different  Po- 
jjures  of  Body  according  as  the  Sinus’s  themfelves 
are  fituated.  It  difcharges  itfelf  from  the  left 
maxillary  Sinus,  when  a  Perfon  lies  with  his 
Head  on  the  right  Side,  and  the  Reverfe  *,  from 
the  frontal  Sinus  it  diflils  while  the  Head  is  retain¬ 
ed  in  a  perpendicular  Pofture,  and  from  the  Sinus 
fphenoidalis  when  the  Head  is  inclined  forward. 
Thus  the  Mucus  diftilling  from  all  thefe  Sinus’s, 
defends  all  the  naked  Nerves,  and  preferves  them 
from  too  great  Irritation,  in  the  fame  manner  as 
Pictures  are  covered  over  with  a  Varnifh  made  of 
the  White  of  an  Egg,  to  prefer ve  the  Colours 
from  being  altered  by  the  Air.  The  Name  of  an 
Excrement  is  therefore  very  improperly  given  to 
fo  ufeful  a  Liquor. 

§.  498.  But  left  this  Humour  fhould  ftag- 
nate  too  long  in  its  Cavities,  fo  as  to  thicken 
and  change  into  a  tophous  1  Matter,  incapable 
of  being  afterwards  difcharged  by  the  narrow 
Paffages  of  thofe  Receptacles ;  therefore  a 
Branch  oi  the  Nerve  of  the  fifth  Pair2  uni¬ 
ting  wi  h  the  Nerve  of  the  fixth  Pair,  is  di- 
ftributed  throughout  the  fame  Membrane ; 
and  thefe  being  irritated,  affedt  the  Par  vagum 
and  intercoflai  Nerves,  fubfervient  to  the 
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Mufcles  of  the  Refpiration,  whence  the  Mu¬ 
cus  is  abjierged  3  and  forcibly  expelled  by  the 
Impulfe  of  the  Air,  violently  forced  through 
the  Nofe  in  freezing  4. 

1  This  Mucus  when  dried,  readily  concretes  in¬ 
to  Scales,  and  afterwards  hardens  into  a  chalky 
Matter,  more  efpecially  when  the  infpired  Air  is 
very  dry  and  full  of  Dull.  But  this  Mucus  alio 
hardens  into  a  fcaly  Subftance,  when  it  has  been 
taken  out  of  the  Body,  and  dried  in  a  clean  Glafs. 
From  thefe  Caufes  may  arife  that  troublefome  Dif- 
order  in  the  pituitary  Sinus’s,  which  we  call  a  Po¬ 
lypus  in  the  Nofe  ;  for  there  is  no  other  true  Caufe 
of  this  Diforder,  fo  frequent  as  this  before-men¬ 
tioned,  namely,  fuch  an  Infpiffation  of  the  Mu¬ 
cus,  that  it  cannot  be  evacuated  •,  whence  it  hap¬ 
pens  that  new  Mucus  being  continually  accumula¬ 
ted  while  nothing  is  difcharged,  the  whole  Sinus  is 
at  length  filled,  the  Crypts  and  Membranes  of 
the  Veffels  are  gbftrudted,  and  by  that  means  the 
latter  is  diflended  fo  as  to  protrude  itfelf  into  the 
Cavity  of  the  Noftrils,  and  intercept  the  Pafiage 
of  the  Air,  fo  that  it  might  be  often  feen  pendu¬ 
lous  in  the  Fauces  like  a  Lump  of  Flefh.  This 
Mucus  being  alfo  corrupted,  produces  an  Ulcer 
termed  an  Ozaena,  which  corrodes  the  adjacent 
Bones. 

a  This  Nerve  fends  off  a  large  Branch  from 
the  Cavity  of  the  Orbit  to  the  Nofe,  where  it  is 
diftributed  throughout  the  whole  Membrane  of 
Schneider  us-,  however  largely  that  is  expanded  in 
the  Nofe.  Thefe  Nerves  of  the  fifth  Pair  are  very 
naked  and  eafily  irritated,  fince  by  touching  them 
only  with  Sugar  they  excite  fneezing,  which  is  a 
Conyulfive  Motion,  Even  in  the  Apoplexy  itfelf, 
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when  the  Body  lies  like  a  dead  Trunk  without 
Senfe  and  Motion,  fneezing  may  be  excited  only 
by  irritating  the  Nofe  with  a  Feather.  Every 
thing  therefore  which  irritates  or  injures  thefe 
Nerves,  will  continually  vellicate  the  communica¬ 
ting  Nerves  of  the  eighth  Pair  with  the  Intercoftals 
and  Recurrents  *,  whence  the  Diaphragm,  Abdo¬ 
men,  and  all  the  Organs  of  Refpiration  will  be 
fuddenly  contracted,  and  expel  the  Air  from  the 
Lungs  with  a  great  Force.  From  this  Torrent  of 
Air  ruffling  through  the  Nofe  and  into  the  Sinus’s, 
arifes  that  uneafy  Senfation,  which  is  excited  in  the 
fenfible  Membrane  of  the  Nofe  at  the  time  of 
fneezing,  which  is  performed  after  the  Manner 
next  defer ibed. 

4  Namely,  by  retaining  as  large  a  Quantity  of 
Air  as  poflible,  and  then  by  fuddenly  difeharging 
the  fame  with  a  confiderable  Force,  with  a  fort  of 
convulfive  Motion  throughout  almoft  all  the  Muf- 
cles  in  the  Body.  The  Ufe  of  this  ACtion  is  to 
cleanfe  the  Organs  of  fmelling.  It  commonly 
happens  in  a  Morning  as  foon  as  we  rife  ;  for  the 
Mucus  which  has  been  collected  all  Night  without 
being  evacuated,  fills  the  Sinus’s,  and  loads  the 
Membrane  fo  much,  that  in  a  Morning  our  Senfe 
of  fmelling  is  either  much  diminifhed,  or  quite 
aboliflied.  At  that  time  therefore  fneezing  is 
more  frequently  performed  by  the  Confent  or  good 
Advice  of  Nature,  for  the  Benefit  of  the  whole 
Machine  :  Hence  Water  is  fir  ft  difeharged,  and 
foon  after  the  Mucus  itfelf  which  adheres  to  the 
Sides  of  the  Membranes,  fo  as  to  facilitate  the  Re¬ 
fpiration  and  recover  the  Senfe  of  fmelling,  or 
render  it  more  exquifite.  Phyfic,  in  Imitation  of 
Nature,  has  found  nothing  more  ferviceable  for  an 
inveterate  Stoppage  of  the  Nofe,  or  an  incipient 
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Polypus,  than  the  Fluffing  up  of  warm  Water, 
and  expelling  it  afterwards  by  fneezing. 

3  When  we  expofe  ourfelves  to  the  cold  Air  of 
an  Evening  and  fneeze,  we  underhand  that  the 
next  Day  we  fhall  be  troubled  with  a  Cold,  or  a 
Stoppage  of  the  Nofe.  They  who  are  affiibted 
with  an  ardent  Fever,  and  fneeze  towards  the  lat¬ 
ter  End  of  the  third  Day,  generally  efcape  from 
the  Difeafe. 

§.  499.  But  fuch  Tarts 1  of  animal,  vege¬ 
table  and  mineral  Subftances  become  the  Ob¬ 
ject  of  Fuelling,  as  are  fpirituoiis  2,  oily,  fa¬ 
ll  or  faponaceous,  and  fo  attenuated  or  di¬ 
vided,  that  they  are  capable  of  floating  in  the 
Air  :  but  it  is  evident  from  numerous  Experi¬ 
ments,  that  the  jiibtle  3  Matter  which  we  call 
Spirit,  refiding  in  the  Oil,  is  more  efpecialiy 
that  which  excites  the  Smell;  for  that  being 
perfectly  feparated  4  from  odorous  Bodies, 
what  remains  has  little  or  no  Smell,  and  the 
fame  Matter  being  poured  upon  other  Sub¬ 
ftances  communicates  a  Smell  to  them. 

2  Such  are  Oils  converted  into  Spirit  by  Fer¬ 
mentation,  as  in  Vinegar  and  Spirit  of  Wine,  the 
volatile  alcaline  Salts  of  Animals,  mineral,  acid 
and  fulphureous  Spirits,  except  Oil  of  Vitriol, 
which  is  inodorous. 

1  The  Name  of  Spirit  is  given  by  the  Chemifts 
to  that,  fubtle  Matter  lodged  in  the  Oil,  fait  and 
faponaceous  Part  of  foffil,  animal  and  vegetable 
Subftances,  which  is  fo  volatile  as  to  fly  off  fpon- 
taneoufty  from  the  Oil  and  Salt,  and  affedt  the 
Nofe  ;  and  this  is  the  only  Matter  of  Odours: 
for  an  odorous  Body,  whether  plea'fing  or  difplea- 
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fing,  has  no  longer  any  Smell  when  once  it  is  de¬ 
prived  of  its  fpirituous,  oily  and  volatile  faline 
Farts.  Nor  does  the  fixed  Salt  or  the  Water,  nor 
even  the  Oil  itfelf,  contain  any  Smell  when  depri¬ 
ved  of  this  Spirit.  Alfo  the  volatile  alcaline  Salt 
has  not  any  Smell  but  from  this  fpirituous  Reftor  * 
which  is  therefore  the  true  Object  or  Matter  ot 
Smells.  But  the  oily  Parts  are  in  fome  meafure 
fubfervient  to  this  Senfe,  fince  they  fly  off  together 
with  the  fpirituous  Rector,  and  adhering  to  the 
Surface  of  the  ol factory  Membrane,  render  the 
Effcdt  or  Adtion  of  the  odoriferous  Particles  more 
permanent  and  lading. 

*  This  is  fo  fubtle,  that  it  even  efcapes  the  Ima¬ 
gination,  A  Rofe  fills  a  whole  Chamber  with  its 
moft  fragrant  Smell  ;  whereas  if  the  fame  be  brui- 
fed  betwixt  the  Fingers,  it  fmells  watery  and  dis¬ 
agreeable  5  nor  yet  will  it  retain  any  thing  of  its 
Smell,  if  it  lies  by  for  the  fpace  of  twenty- four- 
Hours.  The  fame  Rofe  being  committed  to  Di- 
ftillation  in  a  clofe  Veffel,  affords  fo  fmall  a  Quan¬ 
tity  of  an  Oil,  that  from  a  hundred  Pounds  of  Ro- 
fes,  fcarce  a  few  Drops  of  the  precious  Oil  is  ob¬ 
tained,  which  muff  be  at  lead  ten  times  more  va¬ 
luable  than  Gold.  Ladly,  this  fo  dear  and  fcarce 
•Oil  becomes  itfelf  inodorous,  only  by  exhaling  an 
infenfible  Portion  or  Weight  of  its  fpirituous  Re- 
£lor,  as  we  Paid  before  concerning  the  Oil  of  Cin- 
narnon. 

4  So  foon  as  that  volatile  and  very  fubtle  Spirit  is 
removed  from  the  odorous  Body,  all  that  then  re¬ 
mains  is  more  grofs,  and  rather  excites  Pain  and 
Sneezing  than  an  agreeable  Smell. 

§.  500.  If  the  Afpera  arteria  or  Windpipe 
be  divided,  and  the  Animal  breathes  through 
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the  open  Wound,  there  will  be  no  1  Smell  per¬ 
ceived  even  from  the  ftrongeft  Objects. 

1  Take  two  Dogs,  and  in  the  one,  after  divi¬ 
ding  the  Skin,  make  an  opening  by  Incifion  into 
the  Trachea  or  Wind -pipe,  and  the  Lips  of  the 
Wound  being  dilated  or  drawn  from  each  other,  all 
the  Paffage  of  the  Air  through  the  Nofe  and 
Mouth  will  then  ceafe,  ancl  the  Animal  will  per- 
fpire  only  through  the  lower  Part  of  the  Wind¬ 
pipe.  If  now  Spirit  of  Sal  Armoniac  made  with 
quick  Lime  be  held  to  the  Nofe  of  fuch  a  quick 
knelling  Animal,  he  will  afford  no  Signs  of  per¬ 
ceiving  any  fuch  Smell  *,  but  if  the  fame  Spirit  be 
applied  to  the  Nofe  of  another  Dog,  it  will  excite 
Convuhons  in  a  furp riling  mannef. 

§.  501.  When  the  Air  is  expelled 1  from  the 
Lungs  through  the  Noftrils,  there  is  no  Smell 
of  any  external  Object  perceived. 

§.  502.  Nor  is  any  Smell  perceived  while 
the  Breath  is  held. 

1  The  fame  Spirit  of  Sal  Armoniac  being  ap¬ 
plied  to  the  Nofe,  will  not  at  all  affed  us,  fo  long 
as  we  either  only  breathe  out  the  Air,  or  do  not 
draw  it  into  the  Lungs  through  the  Nofe.  When 
we  walk  through  a  {linking  Place,  there  is  not  a 
better  Remedy  to  avoid  the  difpleafing  Smell, 
than  that  of  holding  the  Breath.  The  Smell 
therefore  of  any  thing  cannot  be  perceived,  unlefs 
the  Air  by  its  Weight  ruffes  into  the  dilated 
Lungs,  by  the  imperfect  Vacuum  made  by  the 
Mufcles  which  dilate  the  Thorax,  and  at  the  fame 
time  carries  with  itjelf  the  Effluvia  through  the 
Nofe,  which  it  receives  from  the  odoriferous 
Body.  §.  503. 
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§.  503.  For  the  Smelling  is  performed  at 
the  time  when  the  Breath  is  drawn  through 
the  Noftrils. 

§.  504.  And  the  ftronger  1  and  more  fre¬ 
quent  the  Relpiration  is  made,  the  more  pow¬ 
erfully  is  the  Organ  of  Smelling  affe&ed. 

1  The  quick-fcented  Hound  in  chafing  any  Ani¬ 
mal  by  the  Scent,  applies  only  his  Nofe  to  the 
Ground,  and  by  a  fwift  Motion  of  the  Ribs  breath¬ 
ing  alternately,  fuddenly  diftends  his  Lungs  with 
Air  like  a  Pair  of  Bellows,  and  expels  the  fame 
again.  By  this  means  the  Air  is  indeed'  drawn  by 
repeated  Infpirations  through  the  Nofe  without  be¬ 
ing  admitted  into  the  Lungs,  by  reafon  of  the 
Expiration  which  immediately  follows  ;  and  thus 
being  admitted  only  to  the  Nofe,  conveys  all  the 
odorous  Effluvia,  which  it  contains,  to  the  Organ 
of  Smelling. 

§.  505.  The  Smell  of  odoriferous  Objects  is 
increafed  by  Motion  l,  Heat,  Attrition,  and 
Mixture  2  of  different  Bodies ;  as  alfo  by  a 
careful  Mixture  of  Salts,  with  odorous  Oils  3. 

1  Some  Bodies  only  emit  a  grateful  Smell  by 
Warmth  and  Attrition,  as  Amber,  Lignum  A- 
loss,  &c. 

*  For  by  Mixture  of  Sal  Ammoniacum  with  an 
alcaline  Salt,  both  of  which  are  of  themfelves  in¬ 
odorous,  they  neverthelefs  at  the  Inftant  of  mixing 
exhale  a  moft  intenfe  Smell.  If  Salt  of  Tartar  be 
applied  to  the  Nofe,  at  the  Inftant  when  it  is  ta¬ 
ken  out  of  the  Fire,  it  has  no  Smell  ;  but  if  you 
breathe  upon  it,  it  immediately  exhales  the  Smell 
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of  an  Alcaly.  If  a  Grain  of  fixed  Salt  be  taken 
into  the  Mouth,  it  gives  the  Tafte  of  burning 
without  affording  any  Smell  ;  but  fo  foon  as  it; 
mixes  with  our  Saliva,  it  affords  an  urinous  or 
foetid  Smell ;  inafmuch  as  the  fixed  Salt  of  Tartar 
combines  with  the  Acid  of  the  Saliva,  and  fets  at 
liberty  the  volatile  Alcaly,  which  exhales  and  dif~ 
charges  itfelf  by  that  Means. 

s  The  aromatic  and  fragrant  Odours  of  Bodies 
mixed  with  Acids,  as  for  Inftance,  with  the  Juice 
of  Citrons,  increafe  their  odorous  Virtue,  whereas 
by  mixing  with  Alcalies  their  Smell  is  diminifhed* 
The  Italians  who  are  moft  famous  and  curious  in 
Perfumes  always  ufe  mild  Acids,  as  for  Infiance, 
in  preparing  their  Gloves  which  always  fmell  of 
fomething  acid  together  with  Ambergreafe. 

§.  506.  The  Senfe  of  Smelling  is  therefore 
performed  while  the  odorous  Effluvia  contain¬ 
ed  in  the  Air,  are  by  the  Motion  of  Inlpiration 
and  the  Figure  of  the  Nofe,  with  the  Pofition 
of  the  fpongy  Bones  fo  ftrongly  impreffed  or 
applied  to  the  fmall  Fibres  of  the  olfadtory 
Nerves,  that  by  their  Adtion  an  Idea  is  com¬ 
municated  and  excited  in  the  common  Senfo- 
ry,  either  of  an  acid  \  alcaline,  aromatic, 
putrid,  vinous  2,  or  other  more  compound 
Odor, 

1  The  Fumes  of  Vinegar  excite  a  Senfe  of  Aci¬ 
dity  in  the  Nofe,  and  likewife  communicate  the 
fame  kind  of  Tafte  to  the  Tongue  ;  for  an  Acid 
is  perceived  by  the  Organs  of  Smelling  if  it  is  vo¬ 
latile,  otherwife  it  is  only  fenfible  to  the  Tafte0 
Thus  Oil  of  Vitriol  while  cold  does  not  affedt  the 
Nofe,  but  is  only  fenfible  to  the  Tongue  j  but 
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when  attenuated  and  rendered  volatile  by  Fire,  it 
fmells  violently  acid. 

a  All  Sorts  of  Ale,  Wine,  and  Liquors  prepa¬ 
red  by  Fermentation,  from  whence  inflammable 
Spirits  are  diftilled,  afford  this  vinous  Smell. 

3  Innumerable  are  the  other  Sorts  of  Smells 
which  are  hardly  reducible  to  any  Gaffes,  as  Am- 
bergreafe,  &C. 

§.  507.  From  hence  we  may  be  able  to  un¬ 
derhand,  the  great  Affinity  or  Relation  there 
is  betwixt  Smells  and  Dajles  *,  or  betwixt  the 
Objedts  of  Tailing  and  Smelling  r 

Why  Smells  frequently  reffore  a  Perfon  to 
Life  2  in  a  Moment  ? 

By  what  Means  3  Difeafes  4  and  Death  5, 
with  almoft  every  kind  of  Operation  proper  to 
Medicines  and  Poifons,  are  fometimes  produ¬ 
ced  by  Smells  ?  how  the  fame  Smell  in  diffe¬ 
rent  6  People  comes  to  produce  different  and 
even  oppofite  Effects  ? 

Why  Animals  which  have  a  very  long  7 ' 
Beak  or  Nofe,  with  very  large  Offa  Spongiofa, 
as  Birds  8,  have  a  more  exquifite  Senfe  of 
Smelling  ? 

What  are  the  very  minute  exhaling  9  Cor- 
pufcles,  which  are  capable  of  exciting  a  copious 
and  ftrong  Smell  for  fo  long  a  time  without  any 
fenfible  Diminution  in  the  Weight  of  the  Ob¬ 
ject  or  Body  ? 

By  what  means  a  foetid  Smell10  exhaling 
from  the  putrefied  Parts  of  Animals  and  Ve¬ 
getables  fo  obffinately  adheres  and  excites  a 
difagreeable  Senfe  in  the  Nofe  for  a  long  time 
after  it  has  been  perceived  ?  Whe- 
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Whether  the  flrongeft  Smells  are  not  Ster¬ 
nutatories  1 1  ? 

Of  what  life  12  is  the  Humour  and  Mucus 
which  is  continually  formed  and  diftributed 
throughout  the  Membranes  of  the  Nofe? 

Why  the  Senfe  of  Smelling  is  dull  *3  as  foon 
as  a  Perfon  awakes,  but  becomes  more  acute  H 
after  Sneezing  ? 

Whether  this  mucous  Humour  ferves  to 
purge  the  Brain  *5  ?  and  how  far  that  is  true? 

Whether  or  no  the  Mucus  is  thick  at  its 
firft  Formation?  or  whether  it  becomes  fo 
afterwards  ? 

From  whence  arifes  the  intimate  Confent 
or  Communication  16  betwixt  the  internal  Nofe 
and  Mufcles  of  Refpiration,  together  with  the 
abdominal  Vifcera? 

Whether  Sneezing  is  not  a  Convulfion,  and 
upon  that  Account  fo  tirefome  or  fatiguing, 
often  creating  Pains  and  fometimes  proving 
fatal 1 7  ?  though  in  the  mean  time  it  excites 
or  increafes  the  Motion  of  the  Brain,  Spirits, 
and  all  the  Humours  ?  Why  Sneezing  fre¬ 
quently  happens  in  a  Morning  after  Sleep  ? 
And  to  what  People  it  is  of  Jervice  1 8  ? 

1  There  is  a  wonderful  Analogy  betwixt  thefe 
Senfes,  nor  are  there  any  two  more  nearly  related  : 
namely,  the  fame  fpirituous  Redfor  is  the  Objedt 
both  of  the  Smell  and  Tafte  ;  only  there  is  this 
Difference,  that  that  which  is  the  proper  Object  of 
Smell  naturally  exhales  in  a  volatile  State,  but 
that  which  produces  Tafte  is  lefs  volatile.  Thus 
roafted  Meat  fills  the  Nofe  of  a  hungry  Perfon, 
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not  only  with  its  Smell,  but  alio  imprefies  the 
Tafte  upon  the  Tongue  fo  long  as  it  fumes  ;  but 
when  it  is  once  cold,  it  only  affe&s  the  Tafte. 
For  the  Organs  of  thefe  two  Senfes  are  very  near 
to  each  other,  fince  the  olfadtory  Membrane  of 
Schneider  us  is  continued  from  the  Nofe  to  the 
Tongue,  notwithstanding  the  Nerves,  fome  of 
which  are  for  the  Senfe  of  Smelling,  and  others 
for  the  Organ  of  Tafte,  feem  to  be  at  a  confidera- 
ble  Diftance.  But  there  are  other  Inftances,  where 
the  Tafte  of  a  Body  being  removed,  carries  off 
likewife  the  Smell.  Thus  it  is  in  Cinnamon  after 
its  Oil  has  been  extracted  ;  for  it  then  remains  in¬ 
capable  of  exciting  either  Smell  or  Tafte,  like  a 
dry  Coal  *,  and  in  the  fame  manner  the  Oil  of 
Cinnamon,  which  has  exhaled  its  molt  fubtle  Part 
or  fpirituous  Redtor,  loles  both  its  Smell  and 
Tafte. 

a  The  Nerves  here  are  exceeding  tender,  very 
near  unto  the  Brain,  and  admit  only  of  the  moft 
fubtle  Parts  of  Bodies.  Even  the  Medulla  of  the 
Brain  itfelf  feems  to  be  expanded  in  the  Nofe  ; 
fince  the  mammillary  Proceffes  are  not  truly  like 
other  Nerves.  The  Perfon  who  has  fainted  away, 
is  not  affected  by  the  moft  high- flavour’d  Subftan- 
ces  applied  to  the  Tongue,  nor  does  he  regard  the 
moft  vivid  Rays  of  Light,  nor  yet  the  ftrongeft 
Noifes  thunder’d  into  his  Ears.  But  if  to  the  Nofe 
of  the  fame  Perfon  is  applied  Vinegar,  or  Spirit  of 
Sal  Armoniac  prepared  with  Quick-lime,  he  will 
be  roufed  up  with  a  Convulfton  of  the  whole 
Bodv. 

3  Pechlin  in  his  Treatife  De  purgantihus  has  de- 
monftrated  by  accurate  Experiments,  that  all  the 
Force  of  purging  Medicines  does  not  refide  in  their 
Bulk  or  Mafs,  but  in  their  fpirituous  Redtor. 
Hellebore  when  it  is  juft  dug  out  of  the  Ground 
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fmells  dangeroufly,  and  the  attraded  Vapours  af¬ 
fect  the  whole  Body  by  purging,  as  I  have  experi¬ 
enced  *,  but  by  keeping  only,  it  becomes  milder 
by  exhaling  that  naufeous  Vapour,  fo  that  at  length 
it  becomes  an  ufeful  Medicine.  The  flrong  purg¬ 
ing  Faculty  of  Coloquintida  confifts  in  its  odorous 
Particles,  which  are  very  fmall  in  Quantity  ;  for 
when  that  Drug  has  loft  its  Smell,  it  becomes 
quite  inadive.  The  Root  of  Jalap  lately  pulve¬ 
rized  has  a  naufeous  Smell,  and  either  vomits  or 
purges.  Even  in  the  Glafs  of  Antimony,  the 
Matter  which  excites  vomiting  is  an  inconceivable 
fmall  Part,  which  being  expelled  or  exhaufted, 
leaves  an  inadive  Mafs.  In  the  making  of  the 
Emplaftrum  de  Hiofcyamo  Michael z,  the  exhaling 
Vapours  while  it  is  boiling  being  drawn  into  the 
Lungs,  caufe  Faintings.  The  poifonous  Force 
therefore  of  Medicines  feems  alfo  to  refide  in  their 
fpirituous  Redor. 

4  Some  Women  continually  faint  away  with 
barely  the  Smell  of  Mufk  or  Ambergreafe  ;  and 
are  revived  again  by  Fcetids,  which  is  an  Obfer- 
vation  of  Aretceus  of  old.  The  fame  fragrant 
fmelling  Perfumes  increafe  epileptic  Fits,  which 
the  moft  foetid  Bodies  mitigate  ;  putrefied  Bodies 
create  Sicknefs  and  Vomiting  only  by  their  conti¬ 
nual  Smell.  The  Fumes  of  burning  Sulphur 
breathed  in  large  Quantities,  either  kills  the  Pati¬ 
ent,  or  greatly  endangers  his  Life.  Even  the  ad¬ 
jacent  Brain  itfelf  feems  to  be  affeded  by  Smells, 
upon  the  State  of  which  Vifcus  the  Welfare  and 
Strength  of  the  whole  Body  entirely  depends. 

5  We  frequently  read  in  Hiftory  of  Perfons 
killed  by  Smells  in  the  Courts  of  Princes.  The 
Fumes  of  fermenting  Wine,  however  innocent  they 
may  be  imagined,  are  a  moft  fpeedy  and  dreadful 
Poifon,  from  whence  Madnds  or  a  fatal  Apoplexy 
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follows.  If  a  Perfon  fmells  to  Wine,  he  will  be 
intoxicated  from  thence  as  if  he  had  drank  a  much 
larger  Quantity  ;  and  the  like  Effeft  follows  from 
the  Fumes  of  Spirit  of  Wine.  They  who  handle 
Saffron  in  their  Hands  for  a  confiderable  time, 
become  fleepy  and  often  apople&ic.  From  the 
Smell  of  Opium  long  continued,  arifes  Sleep  in 
the  fame  manner  as  if  its  Juice  had  been  drank. 
I  lately  read  a  wonderful  Hiftory  relating  to  the 
Efficacy  of  Odours.  Two  Mountebanks  contend¬ 
ing  for  the  Preference  of  their  Orvietan,  had  a  Pro- 
mife  from  the  Magiftrate  of  a  Licenfe  or  Privi¬ 
lege  to  him,  whofe  Antidote  appeared  by  Expe¬ 
riment  to  perform  the  mot  The  Trial  was 
therefore  begun  by  taking  Poifons  themfelves. 
The  firffc  Day  each  took  the  Poifon  from  his  Ad- 
verfary,  and  each  ufed  his  particular  Orvietan  or 
Antidote  ;  nor  did  the  one  or  the  other  fuffer  any 
Injury.  On  the  next  Day  when  they  returned  to 
their  former  Calling,  without  any  manifeft  Hurt, 
the  one  told  his  Adverfary  that  he  could  not  any 
longer  contend  with  him,  for  he  had  fome  Kinds  of 
Poifon  which  refilled  the  Efficacy  of  any  Antidote  ; 
but  the  other  intrepidly  denied  the  Fa6t.  A  Drum 
was  therefore  brought  which  was  continually  beat 
with  Sticks,  and  his  Adverfary  ordered  to  draw 
Air  from  thence  through  his  Nofe,  to  which  he 
ralhly  confented,  and  immediately  periffied  :  for 
his  more  crafty  Enemy  had  included  Toads  and 
Vipers  in  the  Drum,  which  being  put  into  a 
Rage  by  the  beating  and  trembling  of  the  Drum, 
breathed  out  a  poifonous  Vapour,  which  immedi¬ 
ately  exerted  its  Virulence  upon  the  Seat  of  Life 
itfelf ;  namely,  the  Brain.  For  the  Heart  itfelf, 
however  neceffary  to  Life,  is  yet  rather  a  minifte- 
rial  or  a  fubfervient  Vifcus  to  the  Encephalon. 


In 
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6  In  fome  People  there  Teems  to  be  a  particular* 
Difpofition  of  the  common  Senfory  and  nervous 
Sydem,  by  which  they  are  violently  affected  by 
Tome  things  which  are  eafily  tolerable  to  others. 
Sydenham  in  his  excellent  Epidle  de  morho  hypo  chon - 
driaco  well  obferves,  that  there  is  internally  con¬ 
cealed  a  mere  fpirituous  or  nervous  Man  which 
governs  the  whole  Machine  ;  To  that  we  need  not 
wonder  that  a  Motion  in  one  Nerve  fhould  ex¬ 
cite  a  Motion  in  the  red.  Some  People  have  been 
killed  by  being  fhut  up  with  Apples,  others  by 
duelling  at  Rofes  ;  an  Indance  of  which  I  read  in 
a  certain  Cardinal,  and  in  a  celebrated  Phyfician 
at  Paris ,  wTho  fainted  away  by  the  grateful  Odor 
of  a  white  Rofe.  Others  have  had  the  Head-ach 
from  duelling  at  Tubercles  or  jonquils,  whereas 
the  Generality  of  People  are  not  at  all  injured  by 
thefe  Smells. 

7  There  is  here  nothing  drange,  or  to  be  won- 
dred  at :  for  the  Surface  of  the  Membranes  is  thus 
increafed,  upon  which  the  olfadlory  Nerves  are 
difperfed  ;  and  therefore  the  Power  of  duelling  is 
thus  likewife  increafed.  If  there  is  but  one  odo¬ 
rous  Particle  of  Cinnamon  in  the  Compafs  of  one 
lquare  Inch  of  Air,  only  that  Perfon  will  fmell  the 
Cinnamon,  whofe  Nofe  happens  to  catch  that  one 
Particle  :  but  fuch  a  Particle  mud  be  more  eafily 
catched  by  an  Organ  of  Smelling  which  has  a  large 
Surface  •,  whereas  it  will  be  more  liable  to  efcape, 
and  more  difficultly  perceived  if  the  Organ  was 
fmall.  But  the  larger  the  Organ  of  Smelling  in 
the  Animal,  fo  much  the  more  eafily  do  they  per¬ 
ceive  Smells  *,  and  the  longer  the  Nofe  or  the  more 
complicated  or  numerous  the  Lamelim  of  the  Oifa 
Turbinata,  the  more  exquidte  is  the  Smelling. 
All  that  Part  which  is  above  the  Nofe  in  the 
Horfe  or  Ox,  is  filled  with  the  Organ  of  Smelling. 
Thofe  quick.- fcen ted  Dogs  are  the  bed  "which  have 
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the  longed  Nofes  *,  for  the  whole  Snout  is  filled 
according  to  the  Obfervation  of  Du  Verney  with 
the  Ofla  Spongiofa.  But  in  this  refpedt  the  Ele¬ 
phant  is  more  lagacious  than  the  quick-fcented 
Dog.  For  to  this  vaft  Quadruped,  Nature  has 
given  Joints  that  are  not  eafily  flexible,  and  has 
connected  the  Head  by  a  fhort  Neck  to  the  Body  ; 
but  that  the  Elephant  might  be  capable  of  taking 
its  Food  from  the  Earth,  Nature  has  provided  the 
fame  Animal  with  a  long  Arm  or  Snout  extended 
from  the  Head  pendulous,  without  which  this  vaft 
Animal  would  have  been  ftarved.  Thus  the  Ro¬ 
mans  deftroyed  the  Elephants  (which  they  called 
Lucce  Boves)  in  their  Battle  with  Pyrrhus ,  by  cut¬ 
ting  off  their  Snouts  *,  and  the  fame  Method  is 
ufed  at  this  Day  in  the  Indies.  But  the  Eyes  of 
an  Elephant  are  fo  dilpofed  on  the  Sides  of  the 
Head,  that  they  cannot  be  eafily  directed  towards 
the  Earth,  fo  as  to  look  conveniently  round  for 
Food  *,  and  therefore  this  Snout  is  filled  with  ol- 
fa&ory  Nerves,  infomuch  that  the  whole  Probof- 
cis,  according  to  the  Obfervation  of  Du  Verney,  is 
a  fort  of  Produftion  of  the  olfadlory  Nerves.  By 
this  means  the  crafty  Animal  is  enabled  to  pick 
out  a  fingle  Piece  of  Money  mixed  among  a  thou- 
fand  others,  only  by  the  Effluvia  left  upon  it  by 
the  Hand  of  its  Mafter,  as  I  have  feen  myfelf. 
Even  in  the  Fifh-kind  of  Animals,  Steno  has  de- 
monftrated  large  olfactory  Nerves,  like  two 
Hands,  extended  to  the  Nofe  like  the  optic 
Nerves,  that  they  might  be  able  to  difcover  their 
Prey  at  a  great  Diftance. 

*  Thefe  Birds  excel  other  Animals  both  in  their 
Sight  and  Smell.  The  Falcon,  Eagle,  and  Vulture 
afcend  and  fly  through  the  higher  Regions  of  the 
Air,  that  they  may  the  better  collect  the  Scent  of 
the  Birds,  or  other  Animals,  which  lie  at  a  confi- 
derable  Diftance  below. 


The 
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9  The  Particles  which  excite  Smelling  are  incre¬ 
dibly  minute  :  A  Angle  Drop  of  the  true  Oil  of 
Damafk  Rofes  will  render  a  whole  Pound  of  com¬ 
mon  Oil  extremely  fragrant ;  and  yet  that  Pound 
of  Oil,  whofe  odorous  Part  was  but  a  fingle 
Grain,  will  continue  to  exhale  its  fragrant  Smell 
to  a  large  Diftance  for  many  Years.  Mr.  Boyle  had  a 
Pair  of  Gloves  in  which  the  Smell  of  the  Amber- 
greafe  continued  for  above  twenty  Years,  and  yet 
fmelt  very  ftrong  whenever  he  opened  them.  I 
formed  a  Paftil  of  Mufk,  Ambergreafe  and  Civet 
mixed  in  a  certain  Proportion,  and  placing  it  in 
a  wooden  Cheft  not  accurately  clofed,  it  has  con¬ 
tinued  there  for  above  thirty  Years,  ftill  retaining 
its  Fragrancy  in  a  great  meafure  :  yet  it  does  not 
fmell  at  all  times  equally  ftrong  *,  for  when  the  Air 
is  moift  or  fuddenly  changed,  it  fmells  more  in- 
tenfely,  whereas  at  other  times  it  is  very  weak. 
The  whole  Affair  feems  to  follow  from  the  Mi- 
nutenefs  of  the  odoriferous  Particles,  which  no 
one  could  ever  difcover  even  by  the  Microfcope, 
either  in  the  Flower  itfelf,  or  flying  off  from  it  in 
the  Air  \  no  one  could  ever  perceive  them  either 
by  the  Tafte  or  Touch  :  but  at  the  fame  time  in 
thefe  wonderful  minute  Particles,  there  is  Force 
enough  to  brifkly  affedt  the  Nofe.  Thus  we  may 
account  for  the  perpetual  Exhalation  of  Effluvia 
from  odorous  Bodies  without  lofing  any  of  their 
Weight,  or  at  leaft  without  their  fuffering  any 
fenfibje  Diminution.  But  it  may  be  afked.  Whe¬ 
ther  or  no  the  Air  does  not  communicate  fome- 
thing  to  the  fragrant  Bodies,  which  repairs  the 
Weight  which  they  lofe  ?  Thus  it  feems  to  be. 

10  The  foetid  Smell  which  is  fometimes  impru¬ 
dently  drawn  in  from  a  putrefying  Carcafs,  often¬ 
times  leaves  a  troublefome  Impreflion  for  a  whole 
Day  together,  the  Particles  being  confined  as  it 
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were  in  the  vifcid  Mucus  of  the  Nofe.  The  Truth 
of  this  may  be  eafily  proved  by  any  one  who 
fmells  at  the  Vapours  of  a  rotten  Egg  in  the  Morn¬ 
ing- 

11  In  fneezing  there  is  firft  perceived  a  kind  of 
Titillation  under  the  Os  Ethmoides,  and  then  the 
Perfon  waits  attentively  for  the  Effort  which  is  to 
follow,  which  begins  firft  with  a  kind  of  Titilla¬ 
tion  about  the  Diaphragm  and  Scrobiculum  Cor¬ 
dis,  which  is  always  followed  with  a  convulfive 
Motion  or  Contraction  of  the  Mufcles  belonging  to 
the  Thorax  and  Abdomen.  Medicines  feem  to 
excite  fneezing,  when  they  are  ftrong  enough  to 
velicate  not  only  the  olfactory  or  firft  Pair  of 
Nerves,  but  alfo  the  fifth  Pair  •,  which  Jaft  being 
very  irritable,  a  convulfive  Motion  eafily  follows. 
The  Nofe  therefore  and  common  Senfory  of  the 
Nerves  feem  to  be  very  irritable,  and  the  moft  ca¬ 
ll  ly  moved  of  any  of  the  moving  Nerves,  name¬ 
ly,  thofe  Nerves  are  here  intended  which  we  call 
the  firft  and  the  fifth  Pair.  For  a  Nerve  laid  na¬ 
ked  in  any  other  Part  of  the  Body  by  a  Wound, 
does  not  excite  Pain  when  touched  with  a  Feather ; 
whereas  if  the  fame  Feather  irritates  the  Nofe,  it 
produces  convulfive  Motions  and  wonderful  Ge- 
ftures  of  Body.  But  though  the  ftrongeft  fcented 
Bodies  excite  fneezing,  yet  the  reverfe  of  that  Axi¬ 
om  does  not  follow,  namely.  Sternutatories  do 
not  excite  Smells  ;  for  Hellebore  and  Antimony 
excite  violent  fneezing,  and  yet  they  do  not  afford 
any  Smell. 

11  Namely,  it  ferves  to  defend  the  Nerves  and 
Membranes  from  being  dried  up  by  the  Air,  pre- 
ferving  them  at  the  fame  time  in  a  proper  Con¬ 
dition  for  fmelling. 

The  Smelling  is  dull  of  a  Morning,  becaufe 
the  Mucus  which  has  been  collected  and  infpiffated 

during 
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during  the  Night-time  covers  over  the  olfaCtory 
Nerves,  fo  that  they  cannot  be  affeCted  by  the 
odorous  Body. 

14  But  the  Senfe  of  Smelling  is  lharper  after 
Sneezing,  becaufe  the  Air  expelled  from  the  Lungs 
with  a  confiderable  Force,  abrades  and  carries  off 
a  great  Part  of  the  Mucus  which  covered  the  ol¬ 
factory  Nerves,  and  render’d  them  Ids  fenfible.  But 
by  the  fame  fneezing  alfo  the  Brain  itfelf  is  ffiook, 
and  the  quiefcent  Spirits  are  excited  into  Motion. 
We  read  of  a  certain  Philofopher,  who  when  he 
was  about  to  write  any  thing  upon  a  difficult  Sub¬ 
ject,  purged  his  Body  firft  with  a  Sternutatory,  or 
with  white  Hellebore. 

15  The  Ancients  were  of  this  Opinion.  Galen 
and  his  Followers  teach,  that  the  Brain  depofits  its 
Mucus  through  the  Os  Cribriforme  into  the  Nofe: 
and  from  hence  arofe  a  Phrafe  of  the  Poets  con¬ 
cerning  ftupid  Men  having  Mucus  within  their 
Skull  inftead  of  Brains  *,  but  cautious  and  cunning 
Men  were  faid  by  them  to  be  of  a  quick-fcented 
or  clean  Nofe  ( emilnffce  nans.)  But  the  Falfity  of 
this  has  been  proved  by  Schneiderus  in  his  volumi¬ 
nous  and  extenfive  Work  Be  Catarrhs  j  which 
Book  would  be  certainly  for  ever  in  ufe,  if  the 
true  and  ferviceable  Obfervatlons  were  collected 
and  contracted  into  one  Volume  apart  from  the 
ufelefs  Quotations  of  Authors,  and  empty  Appear¬ 
ances  of  Learning.  But  the  Opinion  of  the  An¬ 
cients  may  however  be  excufed,  inafmuch  as  the 
Mucus  of  the  Nofe  is  feparated  from  the  Blood  of 
the  external  carotid  Artery,  which  may  poffibly, 
by  the  Laws  of  Hydraulics,  free  the  Blood  of  the 
internal  Carotid  fent  to  the  Brain  from  its  more 
vifcid  Parts,  as  we  obferved  before  at  §.  231, 

16  This  Communication  may  be  explained  by 
the  Tables  of  Lower  and  Willis:  for  it  there  ap- 
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pears  that  the  Branches  of  the  fifth  Pair  of  Nerves 
are  diftributed  to  the  four  MufcJes  of  the  Eye,  to 
the  Organs  of  Hearing,  and  to  the  Nofe,  and 
that  they  communicate  by  a  Ganglion  with  the 
eighth  Pair  ;  but  the  eighth  Pair  communicates 
with  the  intercoftal  and  abdominal  Nerves :  and 
therefore  all  thofe  Parts  will  be  affedted  at  the  fame 
time  in  fneezing  *,  for  among  the  other  Nerves, 
when  one  is  put  in  motion,  all  the  reft  are  agita¬ 
ted  ;  as  if,  for  Inftance,  you  fhould  fuddenly  touch 
the  Hand  of  a  Man  full  of  Thought  with  a  cold 
leaden  Bullet,  his  whole  Body  will  be  fuddenly 
ffiook  or  agitated, 

17  Sneezing  repeated  two  or  three  times  after 
Sleep,  renders  a  Perfon  brifk,  and  clears  the  Or¬ 
gans  of  Smelling  from  their  redundant  Mucus  ; 
but  if  the  fame  Action  be  repeated  twenty  times, 
it  greatly  weakens  by  reafon  of  the  Convulfion  of 
the  Nerves,  and  excites  a  Pain  in  the  tendinous 
Circle  of  the  Diaphragm,  I  faw  a  certain  School- 
mafter,  who  being  very  fond  of  Rofes,  had  one 
given  him  by  a  mifchievous  Boy,  which  had  been 
fprinkled  over  with  the  Powder  of  white  Hellebore ; 
the  Mafter  eagerly  fnuffed  up  the  poifonous  Duft 
from  the  Rofe,  but  was  by  that  means  flung  into 
fqch  violent  Sneezings,  that  he  would  have  per¬ 
haps  expired  convulfed  in  a  Tetanos,  if  the  fnee^ 
zing  had  not  been  fuppreflfed  by  fluffing  up  Milk 
in  large  Quantities, 

18  It  is  a  common  thing  for  Men,  Oxen,  Hor- 
fes,  &c.  to  fneeze  at  the  firft  Approach  of  the 
Light,  when  they  awake  in  the  Morning  *,  for  the 
fenfible  Parts  of  the  Nofe  are  irritated  by  the  Mu¬ 
cus,  which  has  been  accumulated  in  the  Night¬ 
time  5  and  this  fneezing  removes  the  Caufe  of  it- 
felf,  and  at  the  fame  time  reftores  the  Organs  of 
Smelling  to  the  diftinS  Perception  of  Smells. 
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§.  508.  T  T  PON  the  inoft  prominent  or 

riling  Part  of  the  Os  Frontis,  is 
feated  a  thick  and  arched  Bujh  1  of  Hairs, 
called  the  Eye-brow;  and  in  the  external 
Margins  of  the  Eye- lids,  called  Cilia,  are  pla¬ 
ced  a  Row  of  eredf,  ftiff2  and  crooked  Hairs 
ariling  from  their  bulbous  Roots  in  the  Cilia  3  j 
and  both  thefe  Aflemblages  of  Hairs  defend  A 
the  Eye,  as  well  below  and  on  each  fide,  as 
above,  ferving  to  keep  Duft  or  flying  Infefts 
from  falling  eaflly  in  to  injure  the  Cornea. 

5  This  moll  exquifite  Organ  of  Senfe  is  feated 
in  the  higheft  Part  of  the  Body,  namely,  in  the 
Head,  which  Hands  upon  the  moveable  Neck,  as 
upon  an  Obfervatory  or  Turret ;  from  whence 
every  thing  may  be  feen  both  before,  behind,  a- 
bove,  below,  and  on  all  Sides.  The  Eye-brows 
{land  out  in  fuch  a  manner,  that  they  cover  and 
conceal  the  whole  Body  of  the  Eye  from  every 
thing  that  might  fall  upon  it  from  above  :  and 
that  they  might  project  farther,  the  Os  Frontis  in 
that  Part  feparates  into  two  Tables,  the  outer moft 
of  which  being  removed  forward  to  form  Part  of 
the  frontal  Sinus’s,  is  the  Seat  of  the  Eye-brow. 

1  Thefe  Hairs  differ  confiderably  from  all  others 
in  the  Body,  both  in  their  Rigidity  and  particular. 
Incurvation  ;  for  they  are  inclined  parallel  to,  the. 
Horizon,  and  lie  ranged  over  each  other  in'  feve¬ 
rs®  Rows,  E  4  The 
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3  The  Cilia  are  (till  more  wonderful,  being 
feated  in  an  horizontal  Pofture  in  the  Margin  of 
the  Eye-lids,  fo  as  to  refemble  very  much  the  Bars 
or  Pallifadoes  which  are  placed  round  a  City  for 
its  Defence,  which  they  are  very  much  like  when 
viewed  on  one  fide.  In  the  lower  Eye-lid  there 
are  very  few  Hairs,  becaufe  that  way  the  Weight 
of  Email  Bodies  hinder  their  entring  into  the  Eye. 
But  when  thefe  Hairs  are  pulled  up  by  the  Roots 
for  the  Cure  of  a  Trichiafis,  the  Perfon  is  conti¬ 
nually  obliged  to  wink  and  fhut  his  Eye-lids,  left 
the  Eyes  themfelves  fhould  be  injured  ;  and  there  is 
an  incredible  Uneafmefs  arifing  from  the  fmall  Par¬ 
ticles  which  continually  irritate  the  Globe  of  the 
Eye.  Thefe,  together  with  the  Eye-brows,  de¬ 
fend  the  Eyes  from  too  ftrong  a  Light ;  and  there¬ 
fore  old  Men  who  have  loft  thefe  Hairs,  are  obli¬ 
ged  to  defend  their  Eyes  with  their  Hand  in  all 
ftrong  Lights. 

4  Left  any  Sweat  or  Humour  fhould  diftil  from 
the  ftnooth  Forehead  into  the  Eye,  or  left  any 
Duft  or  fmall  Infedls  with  which  the  Air  is  filled, 
fhould  fall  into  the  Eye. 


§.  509.  The  DeprefTor  Mufcle 1  of  the  Eye¬ 
brows  arifing  from  the  Os  Frontis  on  each 
Side  the  Nofe,  where  it  joins  the  anterior  Pro- 
cefs  of  the  Os  Frontis,  is  inferted  by  fmall 
Tendons  under  the  elevated  Part  of  the  Eye¬ 
brows  ;  and  by  the  Adlion  of  this  Mufcle,  the 
Eyes  are  ftiil  more  defended  from  Dirt 
(§.  508.),  and  are  alfo  fhaded  when  placed  fin 
too  ftrong  a  Light ;  when  this  Mufcle  is  con- 
traded,  the  Eye-brow  is  drawn  towards  the 
upper  Eye-lid,  and  the  two  Eye-lids  are 
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brought  nearer  together  by  it  at  the  fame 
time  ;  but  the  Mufculus  frontalis  raijes  2  the 
Eye-brow  again  to  its  former  Situation  when 
that  is  neceffary. 

1  That  the  Eyes  might  be  the  better  defended, 
it  was  neceffary  for  the  Brows  to  be  moveable.  To 
this  Office  therefore  ferves  the  Mufculus  frontalis, 
a  cutaneous  thin  Mufcle  called  Panniculus  carnolus 
by  the  Ancients,  who  defcribed  the  fame  as  if  it 
was  feated  throughout  the  whole  Body,  being  led 
into  that  Miftake  from  their  Diffedbons  of  brute 
Animals.  This  thin  Mufcle  is  eafy  to  be  difco- 
vered  in  the  Horfe,  Dog,  and  moll  other  Ani¬ 
mals,  in  which  it  ferves  for  them  to  ffiake  the 
Skin  of  the  whole  Body,  fo  as  to  throw  off  In¬ 
fers,  Flies,  and  other  Nufances,  which  they  can¬ 
not  remove  by  Hands,  of  which  they  are  deftitute. 
But  this  cutaneous  Mufcle  is  by  the  Moderns  no 
where  found  but  in  the  Forehead,  Face,  Neck, 
Hands  and  Scrotum,  which  Parts  of  the  human 
Body  are  moft  expofed  to  external  Injuries.  The 
Fibres  of  this  Mufcle  in  the  Forehead  are  fpread  un¬ 
der  the  cellular  Membrane,  where  they  are  by  Du 
Verney  juftly  divided  into  the  Depreffor  Supercilio- 
rum  and  Corrugator  Frontis  ;  and  before  him,  Eu~ 
fiachius  had  depidlured  the  fame  as  a  threefold 
Mufcle.  The  latter  draws  the  Eye- brows  nearer 
together  •,  and  at  the  fame  time  depreffes  them  to¬ 
wards  the  Nofe.  The  Ufe  of  this  Mufcle  is  there-r 
fore  threefold  :  1.  To  draw  the  Eye-brows  toge¬ 
ther,  and  deprefs  them  ;  by  which  means  the 
Hairs  of  the  Eye-brows  are  brought  nearer  to  the 
Eye-lids,  to  defend  the  Eye  from  Duff,  or  other 
Particles  which  might  dip  into  it ;  and  therefore 
we  draw  down  our  Eye-brows  when  we  walk 
through  a  dufty  Place.  2.  They  ferve  as  a  Shade 

to 
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to  moderate  the  too  ftrong  Rays  of  the  Sun  when  we 
walk  in  the  Day-time  *,  as  we  fee  naturally  follow, 
when  we  front  the  Noon-fun,  or  any  other  ftrong 
Light.  3.  When  we  endeavour  to  difcern  very 
diftinct  Objects,  we  draw  the  Eye-lids  clofer  toge¬ 
ther  and  form  a  Shadow,  under  which  the  Pupil 
dilates  itfelf,  fo  as  to  receive  a  greater  Number  of 
the  diverging  Rays  coming  from  the  diftant  Ob- 
jeft.  And  this  is  the  Reafon  why  old  People  fee 
more  diftinbtly  through  a  Tube  which  is  black  on 
the  Infide. 

a  It  elevates  the  Eye-brow  whenever  the  fquare 
Mufcle  of  the  Occiput  retains  the  frontal  Mufcle 
to  which  it  is  continued  ;  for  then  the  Direbtion  is 
changed,  and  the  Eye-brows  are  drawn  backward 
and  upward  over  the  Forehead.  And  this  hap¬ 
pens  whenever  we  fuddenly  look  upward  and  re¬ 
joice.  Hence  a  fmooth  Forehead  fignifies  a  quiet 
Mind.  But  the  Fibres  of  this  Mufcle  do  not  run 
directly  upward,  but  obliquely,  as  Eutfachiu j  has 
juftly  exhibited  in  his  Tables. 

§.  510.  The  two  Eye-lids1  are  membra¬ 
nous  2,  thin,  folding  together,  replenifhed  with 
Vejfels  3,  and  furniflhed  with  nervous  Papilla  4 
on  their  Infide  which  is  continually  moifleneds  ; 
being  defended  with  a  broad  arched 6  Cartilage 
in  their  Margins  where  they  meet  together ; 
and  thefe  by  their  opening,  fhutting  or  wink¬ 
ing  by  an  alternate  Motion,  do  likewife  defend 7 
and  cleanfe  the  Eyes.  For  the  elevator  8  Muf¬ 
cle  of  the  upper  Eye-lid,  arifing  narrow  and 
flefhy  from  the  Bottom  of  the  Edge  of  the  bo¬ 
ny  Orbit,  paffes  over  the  elevator  Mufcle  of 
the  Eye,  and  expanding  itfelf  into  thin  tendi¬ 
nous 
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nous  Fibres,  is  wholly  inferted  into  the  upper 
Part  of  the  Tarfus,  or  cartilaginous  Edge  of 
the  Eye-lid  5  and  it  ferves  by  its  Motion  to 
raife  or  draw  up  the  fuperior  Eye-lid  without 
Wrinkles.  But  the  Sphinder  or  round  Muf- 
cle  9  of  the  Eye-lids  arifing  from  the  larger 
Bone  of  the  Nofe,  and  fpreading  its  orbicular 
Fibres  over  each  Eye-lid,  it  ferves  by  con  trad¬ 
ing  itfelf  like  a  Sphinder  to  apply  them  by  a 
moderate  Motion  towards  each  other,  and  by 
a  ftronger  Contradion  to  prefs  them  againft 
the  Globe  of  the  Eye,  as  well  as  to  exprefs  the 
Tears,  and  apply  them  to  the  external  Surface 
of  the  Eye,  fo  as  to  wafh  away  the  Sordes. 
But  the  lower  Eye-lid  is  opened  by  a  fponta- 
neous  Contradion  of  mujcular  Fibres 10  diftri- 
bated  into  the  Cheek. 

1  They  are  a  Sort  of  Curtains,  freely  moveable 
over  the  Eyes,  which  they  cover  in  Sleep* 
and  which  ferve  to  cleanfe  the  Eyes  and  keep 
them  moveable.  For  there  are  two  Lids  belong* 
ing  to  each  Eye,  divided  from  each  other  by  an 
horizontal  Slit. 

a  The  Eye- lids  are  compofed  of  the  following 
Membranes.  1.  The  Cuticle  which  is  extremely 
thin,  as  evidently  appears  when  it  fcales  off  to¬ 
wards  the  Declination  or  End  of  an  Eryfipeks, 

2.  The  true  Skin  itfelf,  which  is  very  thin. 

3.  The  cellular  Membrane  as  thin  as  the  Web  of 
a  Silk-worm,  though  it  wonderfully  fwells  in  Diff 
eafes,  even  from  a  flight  Caufe,  as  in  the  SmalL 
Pox,  or  an  oedematous  Eryfipelas,  where  it  kt 
fometimes  an  Inch  thick.  Alfo  in  the  Beginning 
of  a  Dr.opfy  there  appears  a  d blended  Tumor 
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round  the  Eye,  which  is  commonly  with  good 
Reafon  reckoned  among  the  Signs  of  a  Deficiency 
in  the  vital  Powers.  But  this  Part  of  the  cellular 
Membrane  is  never  diftended  with  Fat,  even  in 
the  mod  corpulent  Perfon.  4.  The  m titular  Ex- 
panfion  of  the  elevator  Mufcle,  which  is  lined  with 
a  vafeufar  Stratum.  5.  The  Stratum  of  Papillae. 
6.  An  exceeding  thin  Membrane  like  a  Spider’s 
Web,  deftitute  of  any  Skin,  Cuticle  or  Glands, 
and  lying  next  to  the  Eye  itfelf,  being  fo  fubtle 
and  pellucid  that  upon  turning  back  the  Eye-iid, 
one  would  imagine  that  they  faw  the  naked  Vef- 
fels  without  any  Covering  ^  when  at  the  fame  time 
they  are  invefted  with  this  fine  Membrane.  Thus 
are  the  Eye-lids  compofed  of  fo  many  thin  Mem¬ 
branes,  fo  as  to  be  elevated  and  depreffed  without 
any  apparent  Wrinkles. 

3  The  numerous  Vefiels  of  the  Eye-lids  are  de- 
monflrated  by  filling  them  with  ceraceous  Inje¬ 
ction.  And  even  upon  turning  back  the  Eye- lid 
in  a  living  Perfon,  the  whole  appears  a  dreadful 
Spectacle  diftended  with  red  Blood,  fuch  as  we  ne¬ 
ver  obferve  in  the  Skin  of  the  Face  ;  nor  are  the 
Arteries  in  any  Part  of  the  Body  expofed  fo  naked 
as  in  this.  By  thele  numerous  fmall  Arteries  there¬ 
fore,  the  Eyes  are  maintained  warm,  while  the 
other  Parts  of  the  Face  are  cold  :  for  thefe  nume¬ 
rous  fmall  Vefiels  of  the  Eye-lids  continually  ad- 
minifter  Warmth  to  the  Eye  and  its  Humours. 
Thefe  fame  Vefiels  alfo  difeharge  a  thin  infipid 
Water,  with  which  the  Eye  is  moiftened. 

4  The  convex  Surface  of  the  Eye  lies  under  the 
concave  Part  of  the  Eye-lids,  which  being  defti¬ 
tute  of  the  Skin  and  Cuticle,  are  only  covered  with 
lb  thin  a  Membrane,  that  the  leaft  Violence  de~ 
ftroys  it.  But  to  prevent  a  Deftrucftion  of  this 
Membrane,  Nature  has  placed  a  faithful  Guard  to 
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give  Notice  *,  namely,  Pain,  which  is  feated  in  the 
numerous  and  naked  Papillae.  Thefe  Papillae  are 
demonltrable  by  cutting  off  a  Part  of  the  Eye-lid 
and  macerating  in  Water  ;  by  which  means  the 
whole  internal  Surface  appears  unequal  or  villous, 
like  fine  Velvet :  but  fo  fenfible  are  thefe  Papillae, 
that  the  fmalleft  Particle  of  Sand  flipping  betwixt 
them  and  the  Eye,  excites  a  moft  intenfe  Pain, 
which  never  ceafes  till  there  is  a  Quantity  of  Tears 
fent  to  the  Eye,  fufficient  to  wafh  out  the  offend¬ 
ing  Matter  ;  but  if  the  offending  Body  is  not  thus 
naturally  wafhed  out,  warm  Water  is  to  be  inj  edit¬ 
ed  by  a  fine  Syringe  betwixt  the  Eye  and  its  Lids ; 
by  which  the  offending  Matter  may  be  difcharged, 
and  the  injured  Eve-lids  relieved.  If  quick  Lime 
falls  into  the  Eye  it  produces  the  moft  extreme 
Torture,  and  fometimes  even  Blindnefs  itfelf ; 
and  in  this  Cafe  there  is  no  other  Remedy  than  to 
take  a  Mouthful  of  Water  made  warm,  and  blow 
it  betwixt  the  Eye-lids  turned  back.  But  when  an 
Opthalmia  or  other  external  Diforder  has  deftroy- 
ed  the  thin  Skin  of  the  Eye-lid,  an  intenfe  Pain 
continues  Day  and  Night,  which  cannot  be  remo¬ 
ved  but  by  injedting  Milk  or  the  Blood  of  young 
Pigeons. 

5  This  moiftening  Liquor  arifes  from  the  hy- 
gropthalmic  Dudls  of  Meibomius ,  and  from  the 
Vapour  of  the  exhaling  Arteries  conjoined  toge¬ 
ther  •,  the  former  is  properly  the  Tears,  but  the 
latter  exhales  in  the  Form  of  a  Vapour,  betwixt 
the  Convexity  of  the  Eye  and  the  Concavity  of 
its  Lids,  that  the  Membranes  touching  each  other 
might  not  be  very  dry,  which  would  certainly  caufe 
them  to  grow  together,  fo  as  to  produce  a  Sym- 
blepharofis,  but  which  is  called  by  Celfus  and  the 
Ancients  Ancyloblepharon.  This  is  a  lamentable 
Diforder,  but  curable  by  continually  injedfing  fome 
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emollient  and  diluting  Liquor  Day  and  Night. 
Hence  it  frequently  happens  that  the  Eye  and  its 
Lids  grow  together  in  the  Small-Pox  and  Mealies ; 
and  in  this  Cafe  neither  the  Eye-lid  alone,  nor 
the  Eye  itfelf  can  be  elevated.  Thofe  who  are 
afRi6led  with  this  Diforder  cannot  turn  their  Eyes 
upward,  unlefs  afllfted  by  the  Hand  of  the  Sur¬ 
geon  *,  but  the  lefs  knowing  Phyficians  often  falfely 
afcribe  this  Diforder  to  a  Palfy. 

6  A  very  exact  Segment  of  a  Circle,  whofc 
Circumference  includes  the  Edge  of  the  Eye-lids. 
Thefe  Tarfi  being  cartilaginous,  do  by  their 
Firmnefs  keep  the  Eyes  parallel  and  free  from 
Wrinkles  in  all  Pofitions,  fo  that  they  never  col- 
lapfe  either  when  they  are  elevated  or  depreffed. 
For  unlefs  the  whole  Eye-lid  was  kept  equally 
ftretched,  it  would  be  continually  wrinkled  at  the 
time  of  its  Elevation,  and  the  Wrinkles  would  rife 
up  towards  the  larger  Angle  of  the  Eye,  not 
without  fome  Uneafinefs  to  the  adjacent  Parts. 

7  The  Eye-lids  ferve,  1.  To  keep  the  Eyes 
moift  externally,  that  they  may  never  become 
dry,  wrinkled,  or  opake.  2.  To  cover  the  Eyes 
in  the  Night-time,  which  would  otherwife  be 
foon  fpread  over  with  a  Cruft,  fo  as  to  be  flopped 
up  by  the  Dull  which  continually  floats  in  the  Air. 
3.  To  cleanfe  the  Eye  every  Moment,  almoft  in 
the  fame  manner  as  Flies,  who  that  they  may 
afcend  a  very  fmooth  perpendicular  Plane,  as 
GJafs,  are  furnifhed  with  little  Hooks  in  their 
Feet,  which  they  continually  rub  and  cleanfe  with 
their  Forefeet,  left  they  fhould  become  ufelefs  by 
their  being  covered  over  with  any  vifcid  Matter. 
Thus  our  Eye- lids  are  continually  moving  Day  and 
Night,  to  wipe  off  and  remove  the  Dull,  which 
flying  in  the  Air  might  concrete  with  the  Hu¬ 
mours  of  the  Eye,  and  incruft  it  over. 
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8  This  was  frft  depidled  by  Euftachius ,  and  af¬ 
terwards  defcribed  by  Fallopius ,  though  the  Ufe  of 
it  was  not  well  under ftood  by  Lancifi ,  It  arifes 
tendinous  from  the  bony  Arch  of  the  Orbit,  and, 
afcends  over  the  Redtus  Attolens  Mufcie  of  the 
Eye,  and  betwixt  the  cellular  and  papillary  Mem¬ 
branes  of  the  Eye-lid  •,  its  flefhy  Fibres  are  fpread 
like  rays,  and  continued  even  to  the  cartilaginous 
Edge  or  Tarfus,  into  which  they  are  inferted  ten¬ 
dinous.  When  thefe  mufcular  Fibres  are  con¬ 
tracted,  they  raife  or  elevate  the  Eye- lid  equally 
on  all  Sides  *,  but  the  Adlion  of  this  Mufcie  is  af- 
fifted  by  the  adjacent  Fat  lodged  in  the  cellu¬ 
lar  Membrane.  This  Mufcie  is  very  diftindt 
from  the  right  elevating  Mufcie  of  the  Eye ; 
and  from  hence  Anatomifts  have  taken  occa- 
fion  to  reckon  feven  Mufcles  for  the  Mo¬ 
tion  of  the  Eye.  When  this  Mufcie  is  con- 
vuifed,  as  it  fometimes  happens  in  Epilepfies, 
the  Eye  Hares  and  remains  continually  open.  Sur¬ 
geons  ought  to  be  careful  that  they  do  not  cut  this 
Mufcie  in  the  middle ;  for  it  would  be  followed 
with  an  incurable  Palfy  of  the  Eye-lid,  which  fall¬ 
ing  down  would  in  a  manner  bury  the  Eye  itfelf. 
To  cure  this  Diforder,  Bar tif chius ,  a  German ,  in 
his  very  fcarce  Treatife  entitled  Ophthalmodulia ,  or¬ 
ders  the  Eye- lid  to  be  intercepted  betwixt  the  two 
wooden  Pliers,  cut  off,  and  afterwards  confolida- 
ted  ;  thus  the  Eye-lids  are  prevented  from  collap- 
fmg  or  defending  too  low  upon  the  Eye  in  a  dif- 
■agreeable  Manner.  There  has  been  alfo  a  Contro- 
verfy  about  the  fame  Operation,  betwixt  Ruyfcb 
and  Raw. 

9  This  orbicular  Mufcie  antagonizes  the  former, 
being  in  forne  meafure  affifled  in  its  Adtion  by  the 
Weight  of  the  Eye-lid.  It  ftrongly  draws  the 
Eye-lids  into  mutual  Contadf,  depreffes  the  upper 
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Eye-  lid  and  elevates  the  lower,  fhutting  up  the 
Eye  or  permitting  it  to  fee  only  through  a  fmall 
Fifiure  betwixt  the  Eye-lids,  at  which  time  the 
elevator  Mufcle  is  at  reft.  This  orbicular  Mufcle 
being  much  ftronger  than  its  Antagonift,  fhuts 
the  Eye  v/ith  an  almoft  irrefiftible  Force,  at  the 
Approach  of  Sleep,  as  we  fee  in  Children,  who  at 
an  Entertainment  are  neither  willing  to  leave  the 
Company,  nor  yet  are  they  able  to  keep  their  Eyes 
open.  And  even  adult  Perfons  being  awaked  out 
of  a  Doze,  are  fcarce  able  to  overcome  the  Power 
of  the  orbicular  Mufcle,  except  by  rubbing  their 
Eye  -lids.  This  orbicular  Mufcle  ferves  alfo  to 
cleanfe  the  Eye  ;  for  by  contracting  the  Eye-lids, 
it  prefies  out  the  Tears,  and  moving  them  over 
the  Surface  of  the  Eye,  it  at  length  exprefies  them 
together  with  the  Sordes  diftolved  or  mixed  with 
the  Tears.  But  their  fixed  Point  or  Origin  be¬ 
ing  towards  the  N ofe,  they  make  the  Globe  of  the 
Eye  turn  that  way  ;  and  as  the  fame  Mufcle  arifes 
and  is  diftributed  before  the  Eye,  it  prefies  the 
Globe  backward  into  the  Orbit.  But  the  Bulb  of 
that  Eye  being  thus  repelled  comprefies  the  lacry- 
mal  Gland,  fo  as  to  force  out  the  Tears,  which 
are  there  feparated.  Obftinate  Children  when 
they  endeavour  to  move  their  afteCtionate  Mothers 
to  grant  what  is  denied,  fqueeze  the  Balls  of  the 
Eyes  with  their  Fift,  and  by  that  means  force  out 
the  Tears  from  them.  This  Mufcle  being  violent¬ 
ly  contracted  in  a  ftror.g  Light,  or  in  a  forrowful 
Difpofition  of  Mind,  occafions  the  Tears  to  flow 
fo  plentifully  that  they  run  down  the  Cheeks. 
Whores  craftily  force  out  Tears  by  the  Acftion  of 
this  Mufcle,  to  move  and  reduce  the  Minds  of 
young  Men  to  a  Compliance.  Laftly,  this  Mufcle 
is  feated  in  the  cellular  Membrane  ;  and  hence  it  is 
that  it  does  not  corrugate  the  Eye- lid. 
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10  The  lower  Eye-lid  is  depreffed,  i.  By  its  own 
Weight.  2.  By  the  Mufcles  of  the  Cheek  drawn 
downwards,  and  detrading  the  very  moveable 
Eye-lid  at  the  fame  time.  When  the  Fat  of  the 
Cheeks  has  been  confumed  by  extreme  Leannefs, 
and  the  Mufcles  of  thofe  Parts  are  more  contract¬ 
ed,  thefe  Fibres  are  not  railed  above  the  lower? 
Eye  -lid,  nor  is  the  Eye  quite  fhut,  but  fome  Part 
of  its  White  appears  uncovered.  Hence  Hippocra¬ 
tes  ranks  the  Appearance  of  the  White  of  the  Eyes 
in  Sleep,  among  the  Signs  ot  Death  ^  except  the 
Diforder  fhould  arife  from  a  mere  fhrinking  or 
Smallnefs  of  the  Eye-lids.  Du  Verney  wrote  to 
me  formerly,  that  he  had  found  an  orbicular  con- 
ftridor  Mufcle  (hutting  the  Eye-lids,  which  had 
two  Bellies  with  an  intermediate  Tendon.  But  af¬ 
terwards  in  his  Letters  fince  wrote,  he  takes  no 
notice  of  the  Difcovery  ;  whence  it  would  feenv 
that  he  had  met  with  fomething  accidentally, 
which  does  not  frequently  occur. 

§.  51 1.  But  left  the  Eye-lids  fhould  be  ex¬ 
coriated  by  continually  (hiking  againft  each 
other  in  winking  l,  therefore  there  is  a  Row  of 
fmall  Glands 2  like  little  Grains  of  Sand,  fear¬ 
ed  in  the  cartilaginous  Edge  of  each  Eye- lid, 
and  which  feparate  a  yellow  Humour,  as  if  it 
were  compounded  of  Oil  and  Wax  mixed  to¬ 
gether,  difcharged  by  open  Dudts,  perforating 
the  cartilaginous  Tarh  of  the  Eye-lids  them- 
felves:  the  Mouths  of  thefe  excretory  Du dts 
are  the  Extremities  of  fmall  Veffels,  which  are 
here  difpofed  in  a  Terpentine  Courfe,  and  arife 
immediately  from  the  fmall  Arteries,  which 
are  here  distributed,  without  any  intermediate 
glandular  Fabric. 
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.  *  The  cartilaginous  Tar fi  continually  ftrike  and 
rub  againft  each  other  in  winking  with  the  Eye¬ 
lids  *,  infomuch  that  we  ourfelves,  or  our  Friends 
{landing  by,  may  hear  a  Sound  as  if  it  proceeded 
from  the  Collifion  of  elaftic  Bodies,  provided  there 
is  a  profound  Silence.  But  fuch  frequent  Percuf- 
fions  repeated  perhaps  more  than  a  thoufand  times 
in  a  Day,  and  that  with  fome  Violence,  muft  ne- 
ceflarily  by  the  Attrition  wear  away  the  Parts  in 
contadl,  infomuch  that  fometimes  we  have  feen 
little  bleeding  Fringes  from  the  Attrition  of  the 
Perichondrium  or  thin  Membrane  which  inveft  the 
Cartilages  of  the  Tarfi  but  to  prevent  this  Acci¬ 
dent  they  are  furnifh’d  with  thefe  Glands  fepa- 
rating  this  unftuous  Humour. 

*  Thefe  fmall  Glands  are  confpicuous  enough 
upon  turning  out  the  Eyelid,  appearing  like  fmall 
Grains,  by  prefflng  which  a  fort  of  Liniment  is 
difcharg’d,  which  mixing  with  the  glandular  and 
arterial  Humour,  forms  part  of  the  Tears.  Thefe 
ferpentine  Inflexions  of  the  Duels  have  been  de- 
monftrated  by  Rnyfch ,  and  his  red  Wax  being 
happily  injerfed,  has  return’d  white  thro*  thefe 
Duels,  whence  he  rather  efteems  them  Continua¬ 
tions  of  the  Arteries  than  real  Glands  ;  they  feem 
in  fhort  to  be  no  more  than  Cryptne,  into  each  of 
which  many  fmall  Arteries  meet  together,  and  dis¬ 
charge  an  aqueous  Humour,  which  by  Handing 
grows  vifeid  and  thick,  and  is  exprefled  at  the 
time  of  winking,  fpreading  itfelf  over  the  cartila¬ 
ginous  Margins  of  the  Eyelids,  which  it  lubricates, 
and  being  dry’d  up  appears  like  a  white  infipid 
fcaly  Matter.  When  this  Liniment  is  abfent,  the 
cartilaginous  Margins  of  the  Eyelids  rubbing  toge¬ 
ther  are  inflam’d,  and  glue  together  in  the  Night¬ 
time,  infomuch  that  they  can  be  fcarce  open’d  in 
the  Morning  without  the  Afliftance  of  warm  Wa- 

.  q.  *  ter. 


§.  5 1 2*  Of  th^  Sight.  67 

ter.  In  thefe  glandular  Cryptse,  like  fmall  Grains, 
are  formed  thofe  fmall  Tumors  which  are  called 
by  the  Name  of  Chalaza  or  Hordeolum  of  the  Eye¬ 
lids,  which  may  at  length  turn  into  an  Atheroma ; 
thefe  are  found  as  well  in  the  Margin  of  the  upper 
as  the  lower  Eyelid. 

§.  512.  The  large  conglomerate  Gland, 
termed  Glandula  innominata ,  being  broad,  flat, 
and  unequal,  is  jituated 1  within  the  Orbit,  to- 
wards  the  external  Angle  of  the  Eye,  near  the 
rough  Fiffure  or  Chink,  being  involv’d  in  Fat, 
and  furnifh’d  with  Arteries,  Veins,  Nerves, 
and  lymphatic  Veflels,  with  hygrophthaimic 
Du£is  2,  difcharging  the  Moifture  which  'wa¬ 
ters  3  the  Eye;  this  Gland  feparates  a  brack- 
i(h,  watery,  pellucid  Humour  from  the  arte¬ 
rial  Blood,  which  is  mild  to  the  Tafte,  and 
continually  difcharg’d  in  a  fmall  Quantity,  but 
abounds  4  more  plentifully  when  the  Eye  is 
rubb’d,  or  when  this  Gland  is  comprefled  to¬ 
gether  with  the  Eye  by  the  Adtion  of  the  or¬ 
bicular  Mufcle  of  the  Eyelids ;  fo  that  by  the 
Flux  of  this  Humour  from  above,  betwixt  the 
Globe  of  the  Eye  and  the  internal  Surface  of 
the  upper  Eyelid,  the  Eye  itfelf  is  continually 
moiften’d,  lubricated,  wafh’d  clean,  and  the 
Eyelids  themfelves  prevented  from  growing 
together.  When  this  Humour  is  redundant,  or 
feparated  in  too  large  a  Quantity  to  be  abforb- 
ed  by  the  lachrymal  Points,  it  is  call’d  Tears. 
The  fame  Humour  may  perhaps  be  likewife 
feparated  for  the  fame  Ufes  by  fmall  Glands 
feated  in  the  upper  Eyelid. 
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*  This  Gland  is  fecurely  fituated  in  a  fort  of 
Excavation  within  the  Orbit,  which  feems  as  if  it 
was  imprefled  by  the  Thumb,  the  Length  of  it 
being  nearly  equal  to  one  third  Part  of  the  Orbit, 
This  Gland  is  the  Seat  of  great  Diforders,  for  it 
fometimes  degenerates  into  a  Scirrhus  and  a  Can¬ 
cer,  thrufting  the  Eye  itfelf  out  upon  the  Cheek ; 
nor  is  a  Tumor  of  this  Gland  to  be  remov’d  with¬ 
out  the  greatefl  Difficulty,  if  at  all  ;  if  therefore 
an  Inflammation  is  perceiv’d  in  this  Part,  all  pro¬ 
per  Affiftances  are  to  be  timely  ufed,  that  the  Pa¬ 
tient  may  not  for  ever  after  be  troubled  with  an 
Oculus  Elephantinus ,  or  protuberant  Eye. 

1  Which  Ducts  always  run  in  great  Numbers 
thro’  the  internal  Membrane  of  the  concave  Sur¬ 
face  of  the  Eyelid,  opening  here  and  there  oblique¬ 
ly,  and  watering  the  external  Convexity  of  the 
Eye. 

3  That  the  external  convex  Surface  of  the  Globe 
of  the  Eye  may  continue  fmooth,  and  wafh’d  clean 
from  all  the  fmall  Particles  which  may  fall  into  it 
from  the  Air,  which  abounds  with  Duff,  Infects, 
and  other  Nufances.  There  was  the  greatefl:  Ne- 
ceffity  for  the  Eye  to  be  continually  moiften’d  with 
this  Humour  *,  for  the  Laws  of  Dioptrics  require 
the  Eye  to  be  always  of  the  fame  Figure,  for 
which  reafon  it  is  continually  diftended  with  ex- 
-travafated  Humours  internally.  But  together  witfi 
this  Conftancy  of  Figure,  the  Eye  was  required 
to  be  flexible  (per  §.  530. )  and  therefore  that 
Flexibility  made  it  neceffary  for  the  Eye  to  be 
continually  moiftened. 

4  In  forrowful  Affections  of  the  Mind  the  orbi¬ 
cular  Mufcle  of  the  Eyelids  ftrongly  compreffes 
the  lachrymal  Glands,  as  alfo  it  does  in  various 
Pains  and  Inflammations  of  the  Eye.  When  a  lit¬ 
tle  Particle  of  Sand,  or  a  Angle  Drop  of  Vinegar 
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has  fallen  into  the  Eye,  the  orbicular  Mufcle  con¬ 
tracts  and  prefles  the  lachrymal  Gland,  and  con¬ 
tinues  wafhing  the  Eye  until  the  offending  Body 
is  difcharged.  Nor  can  the  Influence  of  the  Will 
fupprefs  this  Flux  of  Tears.  La'ftly,  this  lachry¬ 
mal  Humour  runs  down  over  the  Cheeks,  when¬ 
ever  the  pituitary  Membrane  is  tumefied,  fo  as  to 
comprefs  the  nafal  Canal,  that  its  Capacity  is  not 
fufficient  to  receive  or  tranfmit  all  the  Humour, 
which  when  redundant  from  any  Caufe,  fo  as  to  run 
down  the  Cheeks,  is  called  Tears. 

§.  513.  But  both  thefe  Humours  (512)  to¬ 
gether  with  the  abfterged  Sordes,  are  directed 
by  the  determinate  Figure  1  and  Concourfe  of 
the  cartilaginous  Margins  of  the  Eyelids  to¬ 
wards  that  Space  2,  which  is  left  free  in  the 
larger  Angle  of  the  Eye  for  the  Reception  of 
them,  and  for  the  fpongy  Caruncle  which  is 
there  feated ;  and  here  the  grojjer  3  Parts  be¬ 
ing  flopped,  and  gather’d  together  upon  the 
rough  Surface  of  the  fore-mention’d  Caruncle, 
are  at  length  dry’d  into  gummy  Scales ;  but 
the  more  fluid  Parts  are  wonderfully  prefled 
by  a  determinate  Motion  into  the  dilated 
Points  or  lachrymal  Foramina  4,  feated  in  the 
extreme  Angle  of  each  Eyelid,  and  ufually 
denominated  the  FunBa  lachrymalia  •>  from 
whence  the  lachrymal  Dudts  arifing,  meet  to¬ 
gether  behind  the  Caruncle  into  the  lachrymal 
Sack  5  feated  in  the  nafal  Canal,  which  is 
formed  by  the  Concourfe  or  Meeting  of  the 
Os  unguis  with  the  anterior  Part  of  the  upper 
Jaw-bone  y  from  which  Sack  the  Humour  is 
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continually  difcharged  by  an  open  DuCt  into 
the  Cavity  of  the  Nofe,  immediately  under 
the  lower  Os  fpongiofum ;  hence  appears  the 
reafon  why  thofe  that  cry  have  a  Running  at 
the  Nofe,  and  why  there  is  not  the  Appear¬ 
ance  of  any  lachrymal  Humour  in  People 
who  are  under  no  Unealinefi. 


1  The  orbicular  Mufcle  firft  compreffes  the  Part 
where  there  is  the  leaft  Refiftance,  namely,  the 
external  Angle  of  the  Eye,  and  from  thence  it 
gradually  proceeds,  contracting  towards  the  larger 
Angle  *,  and  thus  by  a  mechanical  Neceflity  the 
Humours  of  the  Eye  are  determined  from  the  ex¬ 
ternal  towards  the  internal  Angle. 

3-  The  cartilaginous  Margin  of  the  Eyelids  is 
broke  off  towards  the  internal  Angle  in  fuch  a 
manner,  that  in  that  Part  the  Eyelids  do  not  touch 
each  other,  but  leave  a  fmall  intermediate  Space  ; 
in  that  Space  is  feated  the  Caruncula  lachrymalis , 
as  it  is  commonly,  but  improperly,  call’d  ;  namely, 
a  particular  kind  of  flefhy  Subftance,  much  refem- 
bling  a  Strawberry,  and  on  all  Sides  befet  with 
mod  minute  Hairs,  as  they  are  call’d  by  Morgag¬ 
ni ,  from  whence  the  Ancients  falfely  imagin’d  the 
Tears  to  arife ;  this  Subftance  is  therefore  formed 
by  Nature  to  fill  up  the  Space  left  betwixt  the 
Eyelids,  and  to  ferve  as  a  Strainer,  to  flop  the 
Sordes  from  entering  and  obftru&ing  the  lachry¬ 
mal  Points. 

*  The  Fseculencies  being  excluded  from  the 
Orifices  of  the  lachrymal  DuCts,  are  ftopt  and  re¬ 
tain’d  by  the  moft  minute  Hairs  of  the  Caruncles  j 
where  being  collected,  they  are  at  length  conden¬ 
sed  into  rough  Scales,  which  feldom  appear  in  the 
Day-time,  beeaufe  we  then  frequently  clear  the 
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Eyes  by  nibbing  them  ;  but  in  the  Night-time 
they  are  often  found,  even  in  the  moil  healthy 
People,  being  the  white  Subftance  fo  frequently 
mention'd  by  Hippocrates .  When  we  walk  thro* 
the  Duft  there  is  by  this  means  form’d  fuch  a  vif- 
cid  and  opake  Cruft,  that  it  obftru&s  the  Eye,  and 
renders  it  neceffary  to  wafh  it  off.  Thefe  Sordes 
are  compofed,  i.  Of  the  un&uous  Liniment  from 
the  febaceous  Glands  (511.)  2.  Of  the  Duft  and 

other  Particles  catch’d  and  receiv’d  from  the  Air* 
3.  From  the  groffer  Parts  of  the  lachrymal  Hu¬ 
mour  itfelf.  Thefe  Faeculencies  are  colle&ed  in 
greater  Quantities  in  the  Eyes  of  Brutes,  more 
efpecially  in  thofe  which  live  in  dufty  or  fandy 
Places,  as  in  the  Elephant  and  Stag,  in  which 
they  degenerate  into  Stones,  being  receiv’d  by  the 
Arabians  among  the  officinal  Simples  under  the 
Title  of  Lapides  de  oculis  cervi. 

4  Thde  Points  or  Foramina  are  fo  large  that 
they  are  capable  of  receiving  a  Brittle  ;  thro’  thefe 
all  the  Humour  is  abforb’d,  which  is  preffed  from 
the  lachrymal  Glands  by  the  winking  of  the  Eye¬ 
lids,  while  groffer  Parts  are  ftopt  by  the  lachry¬ 
mal  Caruncle. 

f  This  Sack  is  a  Cavity,  formed  without  by 
Membranes,  and  within  by  Bones  joined  together, 
namely,  the  Os  unguis  and  upper  Jaw ;  to  which 
Sinus  the  Tears  are  conveyed  in  a  diredt  Courfe 
thro’  the  lachrymal  Points,  or  any  other  Humour 
that  is  injected  betwixt  the  Eye  and  its  Lids  in- 
ftead  of  the  Tears  ;  and  from  this  Sack  the  Hu* 
mour  is  difcharged  by  a  continued  Canal  running 
under  and  parallel  to  the  Eye  above  the  Palate, 
and  into  the  Cavity  of  the  Nofe.  From  this  Fa¬ 
bric  of  the  Parts  which  we  have  hitherto  explain’d, 
arife  four  Kinds  of  lachrymal  Fiftulae  ;  the  firft  of 
which  is  when  the,  lachrymal  Points  being  laqera- 
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ted,  inflamed,  or  excoriated,  grow  together;  whence 
the  Tears  are  not  abforb’d,  but  Magnate  in  the  in¬ 
ternal  Angle  of  the  Eye,  excoriate  the  Eyelid,  and 
make  themfelves  a  filthy  Drain,  thro’  which  they 
perpetually  diftil  over  the  Cheek.  The  fecond 
Species  is  when  the  lachrymal  Canals  grow  toge¬ 
ther  betwixt  the  Sack  and  the  Points  ;  and  the 
third  Kind  is,  when  the  lachrymal  Sack  itfelf  is 
obftructed  or  concreted  together  after  an  Inflam¬ 
mation,  or  ftopt  up  by  the  infpiflated  Matter  of 
the  Tears.  The  fourth  and  laft  Species  is,  when 
from  any  Caufe  the  Emiflfary  within  the  Nofe  it¬ 
felf  is  obftrudted  or  compreflfed,  whether  by  an 
Inflammation  or  Diftention  of  its  Membrane  in  a 
Cold  or  otherwife  ;  which  Obftrudtion  being  re¬ 
moved,  the  Tears  again  difcharge  themfelves  by 
their  ufual  Courfe.  All  thefe  Diforders  are  com¬ 
monly  treated,  without  any  reafon,  by  one  and  the 
fame  Method  ;  namely ,  by  adlual  or  potential 
Cauteries ;  when  the  only  true  and  fuccefsful  Me¬ 
thod  of  relieving  the  Patient,  is  by  removing  the 
Obftru&ions  of  thefe  feveral  Canals. 

§.  514.  Thus  therefore  the  Eyes,  continu¬ 
ally  expos'd  to  the  Air,  are  kept  moifl  *,  clear 
tranjparent  3,  flippery,  flexible ,  or  yielding  4, 
foft,  warm,  and  ?noveable  5 ;  and  are  alfo  by 
the  fame  Means  readily  freed  from  every  thing 
which  is  rough  or  acrid  that  happens  to  fall 
into  the  Eyes,  and  are  continu’d  in  a  fit  Con¬ 
dition  to  be  equally  expanded  by  the  internal 
diftending  Caufes. 

.  1  When  the  Force  of  the  Vefiels  is  fo  much 
weaken’d  as  to  deny  the  ufual  Supplies  of  the  hy- 
grophthalmic  Liquor,  the  Eye  becomes  wrinkled, 
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and  remains  in  the  middle  of  Death  a  moving 
Spe&acle  ;  but  fo  long  as  we  continue  in  Health, 
Nature  takes  care  not  to  let  this  Liquor  be  want¬ 
ing.  If  a  Child  Ihould  be  expofed  to  the  dry  Air 
in  hot  Weather,  the  Eye  will  appear  to  wink  con¬ 
tinually  as  long  as  it  is  dry’d  by  the  Air ;  and 
thofe  Winkings  will  be  repeated  whenever  the 
Eye  becomes  dry  again. 

a  The  Eyes  in  a  healthy  Perfon  look  agreeably 
fplendid  *,  but  when  their  fhining  is  removed,  the 
Eye  appears  frightful  and  {tern  to  thofe  who  be¬ 
hold  it. 

3  When  the  Tears  are  wanting,  the  Tranfpa- 
rency  of  the  Eye  is  continually  impair’d,  and  it 
becomes  opake,  in  the  fame  manner  as  when  it  is 
dry’d  by  the  Air  after  Death. 

4  There  was  the  greateft  Necefllty  for  the  Coats 
of  the  Eye  to  be  kept  flexible,  in  order  to  preferve 
the  Sphericity  of  its  Figure  *,  for  unlefs  every  Fibre 
of  the  Eye  remains  equally  lax,  it  would  not  be 
expanded  by  the  vitrious  Humour  internally  into 
a  perfedt  Sphere,  but  would  refemble  a  Body  ha¬ 
ving  many  Angles,  being  moil  prominent  in  thofe 
Points  of  the  Circumference  where  there  is  the 
leaft  Refill ance  *,  for  Bernoulli  has  demon  llrated, 
that  a  Circle  will  be  form’d  when  the  Liquor  with¬ 
in  prefles  every  way  with  an  equal  Force  upon  an 
equally  refilling  Line.  Hence  in  old  People,  and 
in  thofe  who  are  near  Death,  the  Eye  becomes 
ftiff  and  flat ;  and  this  is  the  reafon  why  thofe 
who  are  long- lighted  are  obliged  to  corre<5l  the 
Flatnefs  of  their  Eyes  with  a  convex  Glafs,  which 
colledls  the  Rays  together  more  than  the  Eye  itfelf. 
But  in  dead  People  the  Alteration  in  the  Figure  of 
the  Eyes  is  Hill  greater,  and  is  vulgarly  called 
breaking  the  Eyellrings. 
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*  The  Eye  is  hardly  ever  at  reft,  but  is  conti¬ 
nually  moving  even  under  the  Eyelids,  and  when 
the  Eyelids  themfelves  are  at  reft. 

§.  515.  The  Fabric  1  of  the  Eye  and  the 
A6tion  of  it  thence  refulting,  will  be  beft  un- 
derftood  if  we  begin  firft  with  the  optic 
Nerve,  and  then  proceed  to  confider  all  its 
other  Parts,  and  their  Offices,  in  that  Order 
in  which  they  depend  upon  the  Nerve. 

*  The  Eye  may  be  confidered  as  an  optical 
Tube,  (as  Perrault  long  ago  obferved)  whofe  Ob¬ 
ject- Glafs  is  the  firft  Membrane  termed  the  Cor¬ 
nea  *,  the  Glafs  which  brings  the  Objeft  nearer  is 
the  cryftalline  Lens,  behind  which  lies  the  vitrious 
Humour ;  the  Partition  excluding  the  refra&ive 
Rays  is  the  Eyes  with  the  Pupil  and  Uvea,  and 
the  Choroides  performs  the  fame  Office  with  the 
black  Tube. 

§.  516.  The  optic  Nerves  1  proceeding 
from  the  upper  Part  of  the  medullary  Sub- 
ftance  of  the  Brain,  which  lies  under  the  Cor¬ 
pora  Striata,  defcend  from  thence  downward, 
and  moft  ftri&ly  unite  1  together  under  the 
Infundibulum;  then  feparating  again  from 
each  other,  they  proceed  towards  each  Side 
from  whence  they  came  with  their  Fibres, 
and  penetrate  into  the  round  Foramina  in  the 
Bottom  of  the  bony  Orbits  of  the  Eyes. 
Through  all  this  Courfe  the  optic  Nerves  con¬ 
tinue  fbft  and  porous  3,  and  are  covered  only 
with  the  thin  but  tough  Pia  Mater  of  the 
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Brain;  which  furnifheth  them  with  a  great 
many  Branches  of  Arteries  S,  as  they  pafs  a- 
long  fecurely  under  the  fufpended  Brain.  But 
in  their  Paflage  through  thofe  round  Foramina 
of  the  Orbit,  they  are  alfo  covered  with  the 
Dura  Mater,  which  like  a  Sheaths  ftrongly 
adheres  to  the  former  Membrane;  and  thus 
they  pafs  through  the  Foramina  into  the  Ca¬ 
vities  of  the  bony  Orbits  of  the  Eyes,  where 
the  Dura  Mater  itfelf  is  alfo  found  fpread  with 
many  fmall  Arteries. 

1  In  an  Embryo  the  Eye  is  much  greater  in 
proportion  to  the  other  Parts  of  the  Body,  than 
in  an  Adult ;  and  even  as  the  nervous  Sydem  is 
ufually  very  large  in  the  incipient  Animal,  yet  the 
Eyes  are  in  many  Kinds  of  Embryo’s  almoft  equal 
to  the  Brain  itfelf.  It  appears  from  the  Obferva- 
tions  of  Malpighi ,  that  the  Eyes  then  bear  fo  large 
a  Proportion,  as  might  induce  one  to  believe  that 
the  whole  animal  Machine  was  only  formed  for 
the  fake  of  the  Eyes.  The  Head  is  equal  to  a 
third  Part  of  the  whole  Animal,  but  the  Eyes 
make  up  half  of  the  Head  :  and  even  in  Fifh  that 
are  adult,  the  Brain  itfelf  is  no  larger  than  the 
Eyes ;  and  in  thofe  Fifh  the  Eyes  are  really  a 
Produ&ion  of  the  Brain.  Thus  the  Bulk  of  the 
optic  Nerves  is  very  confiderable,  and  pafs  through 
Foramina  proper  to  themfelves,  which  are  not  in* 
ferior  in  Size  to  thofe  of  the  larged  Nerves. 

*  This  Conjundion  of  the  optic  Nerves  mud 
be  evidently  of  the  greated  Ufe,  fince  they  are 
condantly  obferved  in  almod  every  kind  of  Ani- 
mal.  I  am  almod  apt  to  fufpeft,  that  half  of  the 
Medulla  arifing  from  the  right  Corpus  Striatum 
pafles  to  the  right  Eye,  and  half  to  the  left ;  and 
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on  the  other  hand,  that  from  the  left  Corpus  Stria¬ 
tum  half  of  the  Medulla  pafles  to  the  right  Eye, 
and  half  to  the  left :  and  hence  we  may  poflibly 
derive  the  Reafon  why  we  fee  but  one  and  the 
fame  ObjeCt  when  we  look  with  two  Eyes.  In 
Fifh  this  Conjunction  of  the  optic  Nerves  is  not 
to  be  found.  In  the  Chameleon  the  Eyes  are 
feated  laterally  in  the  Ofia  Temporalia,  whence 
this  Animal  is  obliged  to  turn  his  Head  on  one 
Side  to  fee. 

3  The  optic  Nerves  are  truly  a  Production  of 
the  Medulla  of  the  Brain,  properly  fo  called  ;  be¬ 
ing  quite  porous  throughout,  which  we  do  not 
obferve  in  any  other  Nerve.  In  the  middle  of 
the  Nerve  there  is  alfo  a  Foramen  which  was  not 
unknown  to  Galen ,  and  is  plainly  delineated  by 
Euftachius ,  who  feems  to  be  much  rejoiced  that 
he  had  an  Opportunity  of  fupporting  the  Opinion 
of  Galen ,  in  oppofition  to  the  other  Anatomifts : 
and  which  Foramen  though  denied  by  many  Wri¬ 
ters,  is  yet  conftantly  in  the  Center  of  the  optic 
Nerve,  and  tranfmits  an  Artery  which  ought  ne¬ 
ver  to  be  forgot,  as  it  is  diftributed  throughout  the 
middle  of  the  Retina.  This  Artery  has  been  ex¬ 
hibited  by  Ruyfcb ,  and  feems  to  have  been  defign- 
cd  by  Nature  to  warm  the  Medulla  of  the  optic 
Nerve  with  the  vital  Blood.  From  this  Fabric 
we  are  capable  of  accounting  for  many  Appearan¬ 
ces  and  Diforders  of  the  Eye.  An  ancient  Wri¬ 
ter,  Aetim,  obferves,  that  in  the  moft  inflamma¬ 
tory  Pifeafes  of  the  Head,  and  after  a  Phrenfy 
follows  an  Amaurofis  which  the  Arabians  call  a 
Gutta  Serena,  but  which  is  a  perfeCt  Blindnefs,  in 
which  there  is  no  apparent  Change  to  be  feen  in 
the  Eye.  But  this  Diforder  fays,  Aetius ,  gives  way 
to  ho  Medicine  *,  but  when  the  Diforder  is  remo¬ 
ved  by  a  falutary  Crifls,  it  vaniihes  of  its  own 

accord. 
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accord.  For  in  this  Diforder  the  fort  Medulla  of 
the  optic  Nerve  is  compreffed  and  obftruCted  by 
the  Diftenfion  of  the  circumjacent  Arteries. 

4  There  are  four  fmall  Arteries  which  pafs  along 
to  the  optic  Nerves  at  its  four  Sides :  but  befides 
this  there,  are  Nerves  fent  to  the  exterior  Parts  of 
the  Eye,  from  the  third,  fifth  and  fixth  Pair,  for 
Motion  and  Senfation. 

5  Where  the  optic  Nerves  pafs  out  of  the  Cra¬ 
nium,  they  receive  a  membranous  Covering,  which 
does  not  feem  to  be  a  Production  of  either  of  the 
Meninges,  nor  of  the  Tunica  Arachnoides.  The 
Membrane  is  indeed  thick  and  ftrong,  receiving 
fmall  Branches  of  the  fifth  Pair  of  Nerves  as  well 
as  fmall  Arteries,  being  deftined  for  other  Ufes 
different  from  that  of  Vifion. 

§.  517.  Thefe  bony  Orbits  1  of  the  Eyes 
are  lined  internally  with  the  Periojleum  2, 
which  arifes  from  the  Dura  Mater  itfelf,  re¬ 
flected  back  at  the  fame  Place,  where  it  in¬ 
verts  the  optic  Nerve  5  and  being  filled  with  a 
large  Quantity  of  Fat  3,  the  Globe  of  the  Eye 
is  received  and  fecured  in  the  fame,  as  upon 
a  Cufhion :  and  thus  the  Eye  is  defended,  lu¬ 
bricated,  and  rendered  eafily  moveable. 

*  Thefe  Orbits  are  formed  by  Nature  of  feveral 
Parts  of  Bones  nor  could  it  otherwife  be  capable 
of  growing  or  increafing,  fince  a  perfeCt  Sphere 
violently  oppofes  Expanfion  *,  nor  would  the 
Mufcles  of  the  Eye  nor  lachrymal  Glands  permit 
thefe  Cavities  to  be  of  a  fpherical  Figure.  For 
the  Eye  continually  grows,  though  it  does  not 
increafe  in  the  fame  Proportion  with  the  other 
Parts  of  the  Body. 

All 
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*  All  the  Perioftea  or  Membranes  which  inveft 
the  Bones  of  the  Body  cohere  with  the  Dura  Mater  : 
for  this  gives  a  Cafe  to  the  Medulla  Spinalis ; 
(§.  304.  N°.  4.)  and  from  thence  arife  the  exter¬ 
nal  Periofteum  of  the  Spina  Dorfi,  together  with 
all  the  Vaginas  or  Cafes  of  the  Nerves. 

3  It  is  this  Fat  which  in  the  Eyes  of  Brutes  is 
fo  relifliing  and  agreeable  to  the  Tafte.  It  ferves 
to  keep  the  fix  Mufcles  of  the  Eye  perpetually 
foft  and  moveable.  We  Ihould  not  be  capable 
of  feeing  unlefs  the  Eye  was  perfectly  fpherical ; 
for  if  you  prefs  the  Eye  with  the  Finger,  fo  as  to 
alter  its  fpherical  Figure,  that  Eye  will  be  blind 
for  a  little  time.  This  Figure  of  the  Eye  arifes 
in  a  great  meafure  from  the  expanding  Force  of 
the  Humours  within  ;  but  this  would  not  produce 
a  Sphere  unlefs  the  Membranes  gave  way  equally 
on  all  Sides  externally,  which  is  mod  happily  pro¬ 
vided  for  by  encom palling  them  in  this  Manner 
with  foft  Fat.  When  this  Fat  is  confumed  the 
Eyes  appear  hollow,  forrowful,  and  like  thofe  of 
a  dying  Perfon.  For  the  Bulb  of  the  Eye  is  much 
left  than  the  Orbit.  In  this  Fat  is  the  Seat  of  va¬ 
rious  Difeafes  and  fometimes  Suppurations,  which 
thruft  out  fometimes  the  whole  Tunica  Adnata 
from  the  Orbit,  without  injuring  Vifion.  In  this 
Cafe,  a  fkilful  Surgeon  perforates  the  Tunica  Ad¬ 
nata  by  Punfture,  with  the  Scalpell  ;  by  which 
the  Matter  being  difcharged  the  Eye  recovers  its 
former  healthy  State. 

§.  518.  In  the  next  Place  the  Vagina  1  or 
Covering  derived  from  the  Dura  Mater  to  the 
optic  Nerve,  enters  the  Orbit  above  the  fore- 
mentioned  Fat,  and  foon  after  this  exter¬ 
nal  Covering  of  the  optic  Nerve  expands 

itfeli 
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itfelf  into  a  membranous  and  almoft  per¬ 
fect  Globe,  hard  and  tough,  like  Leather, 
wrapp'd  round  the  whole  Eye,  and  growing 
gradually  thinner  2,  is  at  laft  more  thin,  pro¬ 
minent  and  pellucid  in  the  fore-part,  where 
it  is  called  the  Sclerotica ,  fo  far  as  it  is  white 
and  opake  \  but  where  it  is  thinner  and  pellu¬ 
cid  it  is  term'd  Cornea  3  5  it  ferves  principally 
to  keep  up  the  Figure  of  the  Eye,  fuftain  its 
Veffels,  and  fupport  its  Mufcles  with  their 
Tendons  s  for  thro'  this  Membrane  enter  the 
Arteries  and  Nerves  4  of  the  Eye. 

r  This  membranous  Vagina  or  Covering  being 
extended  to  the  Margin  of  the  round  Foramen  in 
the  bottom  of  the  Orbit,  receives  the  optic  Nerve 
in  its  middle  *,  and  after  paffing  a  fmall  diftance 
together,  it  is  then  expanded  into  the  Sclerotica , 
fo  called  from  its  Hardnefs.  But  I  muft  confels 
myfelf  to  have  been  formerly  of  the  Opinion  of 
thofe  who  fuppofe  the  Dura  Mater  to  form  the 
Periofteum  of  the  Orbit,  and  make  the  Sclerotica 
a  new  and  diftindt  Membrane. 

1  It  is  thickeft  at  the  bottom  of  the  Orbit  or 
Globe,  and  is  gradually  extenuated  forwards  ;  thus 
the  Sclerotica  of  the  Eye  in  a  Whale  is  an  Inch 
thick  at  the  bottom  of  the  Globe,  whereas  in  die 
fore-part  it  is  hardly  four  times  as  thick  as  Paper  ; 
it  renders  the  Figure  of  the  Eye  permanent,  that 
it  may  not  be  liable  to  Alteration  from  the  Pref- 
fure  of  the  Mufcles. 

3  In  the  anterior  Part  of  the  Eye  we  obferve 
three  diftin&  Colours  *,  the  whole  Circumference 
appears  white,  namely,  fo  far  as  the  Tunica  adnata 
extends  *,  but  in  the  middle  of  the  Adnata  appears 
a  grey,  light,  blue,  or  Afh-colour’d  Circle,  fome- 

times 
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times  blueifh,  or  inclin’d  to  red,  to  which  is  gi¬ 
ven  the  Name  of  Iris  *,  in  the  Center  whereof  ap¬ 
pears  a  round  black  Opening,  called  the  Pupil 
Before  the  7m,  is  expanded  the  Cornea  \  namely, 
the  Sclerotica  itfelf  continued ,  only  changing  its 
Name  where  it  changes  its  Colour  and  becomes 
tranfparent.  The  Cornea  confifts  of  pellucid  La¬ 
mellae,  almoft  like  thole  of  Horn.  When  the  Eye 
is  thruft  forward  fo  as  to  diftend  the  Cornea ,  and 
you  then  fuddenly  wound  it  with  a  Knife,  it  dis¬ 
charges  a  great  Number  of  aqueous  Drops,  which 
is  a  Sign  that  it  contains  fmall  lymphatic  Veffels. 
In  Inflammations  of  the  Eyes  the  whole  Cornea 
fometimes  looks  red,  when  the  red  Blood  has  pe¬ 
netrated  into  thefe  pellucid  Vefiels. 

4  The  ophthalmic  Nerves  of  Rawy  arifing  from 
the  third  and  fifth  Pair,  which  penetrate  into  the 
Eye,  and  perforate  the  Sclerotica  in  fixteen  diffe¬ 
rent  Parts  ;  from  thefe  Nerves  arife  the  external 
radiated  mufcular  Fibres  of  the  Pupil,  which  di¬ 
late  it,  and  the  internal  orbicular  Mufcle,  which 
contrails  the  Pupil,  together  with  the  fmall  tranf- 
verfe  Mufcles  withinfide  the  Iris,  where  it  lies  in¬ 
cumbent  upon  the  cryflalline  Lens  ;  laftly,  thofe 
Mufcles  which  are  called  the  ciliary  Procefifes, 
which  are  implanted  into  the  Margin  of  the  cry- 
ftalline  Lens  above  the  lateral  Ring  ;  all  thefe 
fmall  Mufcles  are  entirely  compofed  of  medullary 
Fibres,  into  which  the  fmall  ciliary  Nerves  are 
continued  and  degenerate. 

§.  519.  But  the  Membrane  which  involv’d 
the  optic  Nerve  being  continued  from  the 
Pia  mater  *,  and  having  enter’d  the  Orbit  or 
Globe  of  the  Eye  together  with  the  fame 
Nerve,  lines  the  hollow  Surface  of  the  Scle¬ 
rotica, 
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rotica,  and  divides  itfelf  into  two  Lamellae  or 
Plates,  which  are  divifihle,  and  fpread  with 
an  infinite  Number  of  diftind:  Arteries  of  dif¬ 
ferent  Courfes,  as  appears  from  the  Injections 
of  Ruyfch  •>  and  thus  this  Membrane  is  conti¬ 
nued  forward  to  where  the  Sclerotica  forms 
the  Cornea,  and  there  receding  inwards  2  from 
the  Sclerotica,  it  firft  gives  a  very  thin  Mem¬ 
brane,  which  is  fpread  upon  the  vitreous  3 
Humour ;  and  in  the  fecond  place  it  forms 
the  Tunica  Uvea  4,  in  the  middle  of  which 
is  a  Perforation  called  the  Papilla  5.  That 
Lamella  which  lies  contiguous  to  and  incum¬ 
bent  on  the  Sclerotica,  is  term’d  the  Cboroides  > 
and  the  other  Lamella  which  lies  within  the 
former,  is  term’d  Tunica  Ruyfchiana  6. 

1  Which  being  deriv’d  from  the  Pia  Mater  and 
Tunica  arachnoides  of  the  Brain,  and  changing  its 
Nature,  fo  as  to  become  more  tough,  and  being 
furnifh’d  with  Arteries,  leaves  the  optic  Nerve, 
and  lines  or  covers  the  whole  Globe  of  the  Eye, 
except  in  the  round  Limb  or  Circle  where  the 
Sclerotica  terminates  and  forms  the  Cornea ,  and 
where  the  Eye,  which  before  appear’d  white,  be¬ 
gins  to  be  painted  of  a  different  Colour  ;  for  there 
it  deferts  the  Cornea ,  recedes  inward,  and  forms  a 
pendulous  Membrane  under  or  at  fome  diftance 
from  the  Cornea ,  being  perforated  in  the  middle 
by  the  Pupil ;  nor  could  this  Membrane  poffibly 
inveft  the  Cornea  like  the  reft  of  the  Sclerotica 
without  obftrudling  its  Tranfparency,  which  would 
have  fruftrated  the  whole  Defign  of  the  Organ. 
But  the  firft  who  demonftrated  that  the  thin  Mem¬ 
brane  pf  the  Brain  is  competed  of  two  different 
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Lamellae,  the  upper  of  which  is  the  Arachnoides , 
and  the  lower  the  Pia  Mater ,  a  mere  Network  of 
Veffels,  was  one  Matthew  Slade ,  a  Dutch  Phyfi- 
cian,  well  {kill'd  in  Antiquities  and  in  Greek  Po¬ 
etry,  being  one  of  the  Anatomical  Society  at  Am - 
flerdam ,  with  Blafe ,  Quina,  and  others.  From 
the  former  of  thefe  two  Lamellae  of  the  Pia  Mater, 
namely,  from  the  Arachnoides,  is  deriv’d  the  Tu¬ 
nica  Choroides  of  the  Eye  ;  and  from  the  vafcular 
Lamella,  or  the  Pia  Mater,  properly  fo  called, 
feems  to  be  deriv’d  the  Tunica  Ruyfchiana ,  which 
lines  the  Choroides. 

1  Thus  by  receding  from  the  middle  of  the 
Cornea,  it  leaves  an  intermediate  Space,  in  which 
it  fiu&uates  in  the  midft  of  the  aqueous  Humour. 

3  A  very  fine  Tunic  which  forms  the  Cells 
wherein  the  aqueous  Humour  of  the  Eye  is  con¬ 
tained,  ("See  §.  528 .)  and  confin’d  in  the  Cells  like 
a  foft  or  confident  Body. 

4  Thus  it  is  called  with  refpedl  to  its  internal 
Surface,  but  externally  it  is  term’d  the  Iris ;  the 
Colour  of  which  is  various  in  different  People, 
as  grey,  black,  blue,  {Ac .  the  latter  is  the  exter¬ 
nal  Surface  of  the  Choroides,  and  the  former  its 
internal  Surface.  ("See  §.  520J 

5  Nor  yet  do  either  the  Choroides  or  Tunica 
Ruyfchiana  form  a  compleat  Circle  or  Sphere,  but 
are  in  a  manner  perforated  fo  as  to  leave  a  Fora¬ 
men,  which  is  denominated  the  Pupil. 

6  So  called,  as  being  demonftrated  by  Ruyfch  to 
be  feparable  from  the  Choroides,  and  ipread  with 
a  different  Series  of  Veffels  ;  for  the  Veffels  of  the 
Choroides  fpread  on  all  Sides  like  Rays  from  a 
Center. 
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§•  520.  But  while  the  Margin  of  the  Cho¬ 
roides  recedes  and  forms  the  Uvea,  it  receives 
Nerves 1  at  the  fame  time  from  thofe  which 
perforate  the  Sclerotica  together  with  the  Cho- 
roides,  and  being  there  communica  ed  to  the 
fame,  are  divided  into  many  imall  Branches ; 
from  thefe  Nerves  and  Membranes  are  form’d 
the  exterior  mufcular  Fibres  of  the  Uvea,  tend¬ 
ing  from  their  Origin  towards  a  Center,  and 
terminating  in  a  circular  Ring  compofed  of 
circular  and  mufcular  Fibres,  which  determine 
the  Figure  and  Capacity  of  the  Pupil  ;  and 
this  ciicular  Rim  or  Border  which  terminates 
the  Pupil,  being  refleded  back  towards  the 
Cavity  of  the  Eye,  becomes  three  times  broad¬ 
er  than  it  appears  outward,  and  receives  the 
internal  ftrait  Fibres  of  the  Uvea,  and  binds 
them  together  in  the  fame  manner ;  fh  m 
hence  it  is  evident  that  the  orbicular  Fibres 
contrad,  and  that  the  longitudinal  ones  dilate 
the  Opening  of  the  Pupil;  but  the  thin  pellu¬ 
cid  Membranes  which  conned  the  Fib.es  to¬ 
gether,  are  covered  over  with  a  ve  y  black- 
colour’d  Pigment  on  that  fide  which  is  oppo- 
fed  to  the  back  Part  of  the  Eye.  1  * 

Betwixt  the  Choroides  and  Tunica  R.uvf'cbicira, 
run  the  Nerves,  with  the  arterial,  venal,  and  Em¬ 
phatic  Veffels,  together  with  aqueous  Duels  5  thefe 
Nerves  run  from  the  whole  Circumference  of  the 
Choroides  towards  the  Pupil,  and  form  mufcular 
Fibres,  which  are  inferred  into  the  Ring  of  the 
Pupil,  like  Rays  tending  to  a  Center  from  a  Cir¬ 
cle,  ferving  to  open  the  Pupil,  by  drawing  its 
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Rim  towards  the  more  firm  or  fixed  Part  of  the 
Choroides ;  thefe  therefore  admit  Light  more  co- 
pioufly,  and  increafe  the  black  Part  of  the  •  Eye, 
while  they  diminifh  the  colour’d  Part  of  the  Iris. 
This  may  be  eafily  demonftrated  by  Experiment 
in  a  Friend  ;  for  if  you  look  at  his  Eyes  expofed 
to  a  ftrong  Light,  the  colour’d  Part  of  the  Eye 
which  makes  the  Iris  will  appear  as  large  as  poffi- 
ble  ;  and  on  the  contrary,  if  you  infpedt  his  Eyes 
in  a  dark  Place,  the  Pupil  will  appear  extremely 
large,  and  the  colour’d  Part  of  the  Eye  but  very 
fmall.  The  fame  Dilatation  of  the  Pupil  is  alfo 
perceived  in  Twilight,  or  when  the  Light  is  fo 
weak  that  it  does  not  fufficiently  illuminate  the 
Objedt.  But  thefe  Fibres  terminate  in  a  Ring  or 
Circle,  which  immediately  encompaffes  the  Pupil 
or  Opening  of  the  Eye,  to  which  it  is  a  true  Sphin¬ 
cter,  appearing  much  more  diftindt  in  the  Eye  of 
a  Whale  than  in  a  human  Eye.  This  Ring, 
which  immediately  encompaffes  the  Pupil,  being 
refiedted  inward,  appears  three  times  larger  on  the 
Side  of  the  Uvea  ;  for  it  is  compofed  of  two 
Planes,  the  one  exterior  in  the  Iris,  and  the  other 
interior  in  the  Uvea  *,  but  both  thefe  Rings,  exter¬ 
nal  and  internal,  contradt  the  Pupil  even  to  a  very 
fmall  Point  or  Opening.  The  Ufe  of  this  Sphin¬ 
cter  or  mufcular  Circle,  is  to  defend  the  Eye  in 
too  ftrong  a  Light,  by  contracting  the  Pupil,  and 
admitting  fewer  Rays  *,  and  thus  it  increafes  the 
colour’d  Part  of  the  Eye.  Both  thefe  mufcular 
Rings  have  been  lately  difcover’d  by  Ruyfch ,  af¬ 
terwards  by  Raw,  and  fince  by  Hovius. 

§.  521.  But  In  the  Uvea  there  is  alfo  a 
wonderful  Contexture  of  Arteries  form’d  into 
Rings  S  which  from  thence  detach  Branches, 

even 
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even  though  thefe  Arteries,  from  whence  thofe 
Branches  arife,  formed  before  nearly  the  fame 
wonderful  Fabric  in  the  Tunica  Choroides. 
If  now  we  confider  this  wonderful  Appara¬ 
tus  2,  it  will  teach  us,  that  the  greateft  Degree 
of  Attenuation,  mu  ft  be  here  given  to  the 
moft  lubtle  Humours,  and  that  the  groffer 

Parts  of  thofe  Humours  are  eafily  retained  3. 

* 

1  As  we  find  mufcular  Fibres,  which  are  fome 
annular  and  others  radiated,  fo  there  are  alfo  Vef- 
fels  both  orbicular  and  branched  out  like  Rays 
which  accompany  the  mufcular  Fibres  ;  and  thefe 
have  been  beautifully  demonitrated  by  Ruyfch  and 
Hovius.  Alfo  together  with  the  mufcular  or  nervous 
Fibres,  the  Arteries  likewife  are  detached  in  Rays 
from  that  Part  of  the  Sclerotica  which  unites  with 
the  Cornea,  and  from  thence  they  tend  towards 
the  Pupil  *,  and  likewife  wherever  there  is  a  muf¬ 
cular  Circle,  there  is  another  arterial  one  perpe¬ 
tually  accompanying  the  nervous  Fibres. 

a  Thefe  arterial  Duds  arife  from  the  Arteries 
which  perforate  the  Sclerotica  in  four  Places,  and 
appearing  like  black  Points  in  the  Choroides,  they 
terminate  in  reticular  Plexus’s  extremely  minute  ; 
by  which  the  Impulfe  of  the  Blood  is  broke  and 
its  Particles  attenuated,  and  at  length  being  fpread 
in  the  Tunica  Ruyfchiana  and  Uvea,  they  feem  to 
fecern  the  aqueous  Humour  by  open  Tubes,  fome 
thoufands  of  times  fmaller  than  the  lead;  Blood- 
Veffels. 

3  The  groffer  Parts  are  returned  by  Veins, 
which  Hovius  by  his  Injedions  has  demonftrated 
to  open  into  the  aqueous  Humour,  which  is  this 
way  continually  abforbed. 
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§,  522.  In  the  mean  time  that  very  thin 
Membrane 1  which  forms  the  Uvea  (§.  519.), 
arifing  from  the  Circumference  of  the  Cho- 
roides  in  the  fame  Place  (§.  520.),  is  alfo  fur- 
nifhed  with  arched  mufcular  Fibres,  which 
embrace  the  rifmg,  gibbous,  annular  Surface 
of  the  vitreous  Humour,  where  it  projects  be¬ 
yond  the  Circumference  of  the  cryftalline 
Lens:  the  fixed  Point  of  thefe  mufcular  Fi¬ 
bres  is  in  the  Beginning  of  that  Circle  of  the 
Uvea  round  the  Margin  of  the  Cornea,  from 
whence  they  arife  $  but  their  moveable  Ter¬ 
mination  is  in  that  Circle  of  the  vitreous  Hu¬ 
mour  which  departs  from  the  cryftalline  Lens, 
Thefe  Fibres  are  more  diftant  from  each  other 
than  thofe  in  the  Uvea ;  their  intermediate  Spa¬ 
ces  or  Intervals  being  filled  up  with  a  black  2 
Pigment  or  Colour :  and  here  alfo  there  are 
Blood-veftels  found  diftributed  in  the  fame 
Manner  like  thofe  of  the  Uvea  (§.  521.). 

*  From  the  Rim  or  Circumference  of  the  Tu¬ 
nica  Choroides  and  Ruyfchiana ,  where  they  de- 

Eart  from  the  Cornea,  arifes  that  very  thin  Mem- 
rane,  a  thoufand  times  finer,  encompalTing  the 
vitreous  Humour,  but  not  covering  the  cryftal¬ 
line  Lens.  But  from  the  Circumference  of  this 
thin  Membrane  arife  nervous  Fibres  detached 
from  the  third  and  fifth  Pair,  and  diftributed  like 
Rays  on  all  Sides  towards  the  cryftalline  Lens, 
being  thofe  which  the  ancient  Anatom ifts  call  the 
ciliary  Dudts ;  whereas  Ruyfch  intends  a  different 
thing  by  that  Name,  By  the  Adtion  of  thefe  Fi¬ 
bres  the  cryftalline  Lens  is  held  firm  or  fixed  in 
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the  fame  Place,  and  when  they  are  contracted  they 
may  prefs  back  the  vitreous  Humour,  fo  as  to 
thruft  the  cryftalline  Lens  more  forward,  which 
will  fubfide  again  when  thefe  Fibres  are  relaxed. 
Thefe  fame  Fibres  continue  on  over  the  Margin 
of  the  cryftalline  Lens,  to  which  they  give  that 
firft  or  loofe  Membrane  which  is  fpread  upon  its 
Fore- fide.  (See  §.  50 3.) 

a  The  internal  Surface  of  the  Uvea  is  fpread 
with  the  very  blacked  Pigment,  which  prevents 
the  Reflexion  of  any  Rays  from  the  outer  Part  of 
the  Eye  inwards  ;  nor  can  any  of  the  Rays  pafs 
to  the  Retina,  which  enter  the  lateral  Parts  of  the 
Eye ;  for  thefe  are  on  all  Sides  flopped  or  fup- 
preflfed  by  the  black  Pigment ;  fo  that  none  can 
pafs  to  the  Retina  and  extend  their  Adtion  to  the 
common  Senfory,  but  what  enter  in  a  diredt  Courfe 
through  the  middle  of  the  Pupil.  If  Nature  had 
not  furnifhed  our  Eyes  with  this  black  Pigment, 
the  Mind  would  have  perceived  the  external  Fi¬ 
gure  of  the  Eye  as  in  a  Looking- glafs,  inftead  of 
the  Image  of  each  Gbjedt.  The  like  Blacknefs 
was  alfo  fpread  betwixt  the  cryftalline  Lens  and  the 
Sides  of  the  vitreous  Humour,  to  prevent  any  of 
the  Rays  from  being  reflected  back  out  of  the  Eye  *, 
for  every  Ray  which  falls  upon  the  black  Pigment 
is  fuffocated  and  abforbed,  and  conduces  nothing 
towards  Vifion.  Hence  it  is  that  any  Perfon  may 
fee  his  own  Face  in  the  Eye  of  his  Companion, 
where  being  depidled  it  is  refledled  back  *,  but  if 
this  fame  Reflexion  fhould  have  fucceeded  within 
the  Eye,  the  like  Image  would  have  been  feen  by 
the  Perfon  himfelf  without  infpedling  the  Eyes  of 
another. 

§.  523.  But  the  ofaxwsfe flexible  1  vitreous 
Body  or  Humour,  is  contained  in  a  mod  fine 
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Membrane  of  its  own,  connected  on  all  Sides 
to  the  concave  Surface  of  the  Choroides  2  by 
very  minute  Ligaments;  being  fo  flender  or 
fine  that  it  is  fcarce  vifible,  chiefly  by  reafon 
of  its  extreme  Peilucidity  ;  yet  this  thin  Mem¬ 
brane  is  perceptible,  by  the  diflilling  3  or  drop¬ 
ping  out  of  the  Water,  from  the  vitreous  Hu¬ 
mour,  after  it  has  been  wounded. 

1  This  vitreous  Body  is  fo  flexible  and  free  on 
all  Sides,  that  when  the  Sclerotica  is  cut  off,  and 
an  Incifion  made  in  the  Choroides,  it  flips  freely 
through  together  with  its  entire  Membrane,  with¬ 
out  affording  Signs  of  any  manner  of  Connection. 
But  it  is  improperly  called  a  Humour,  inafmuch, 
as  it  is  a  firm  but  flexible  Body,  compofed  of  thin 
Membranes  and  Mufcles. 

1  Thefe  Ligaments  from  the  Choroides  are  the 
ciliary  Duffs,  which  arife  from  the  Margin  of  the 
Choroides,  in  that  Part  where  it  forms  the  Uvea, 
and  adhering  to  the  whole  Surface  of  the  vitreous 
Membrane,  they  reftrain  the  whole  Body  of  it 
from  collapfing  into  an  aqueous  Humour  ;  they 
are  on  all  Sides  fpread  with  a  very  black  Pigment, 
and  are  called  the  ciliary  Ligaments. 

^  The  vitreous  Body  or  Humour,  as  it  is  com¬ 
monly  called,  being  taken  out  ofahe  Eye,  and  put 
into  Water  not  quite  fealding,  floats  and  coagu¬ 
lates  therein  without  diffolving,  and  even  without 
changing  its  Figure.  If  the  fame  Body  be  taken 
whole  out  of  the  Eye,  open’d  by  a  very  light  fharp 
Inflrument,  and  then  fufpended  in  the  common 
Air  over  a  glafs  Plate,  upon  wounding  it  with  a 
Needle  it  will  diftil  aqueous  Drops  continually, 
and  the  very  thin  Membranes  remaining  will  by 
degrees  quite  vanilh ;  the  vitreous  Body  has  there¬ 
fore 
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fore  a  proper  Membrane  of  its  own,  for  otherwife 
it  would  have  been  difiblved  in  the  Water,  if  it 
was  not  defended  with  fome  Covering  •,  it  alio  ap¬ 
pears  to  be  made  up  of  very  thin  concentric  Sac- 
culi,  each  of  which  is  filled  with  its  proper  aque¬ 
ous  Fluid,  but  communicating  altogether,  fince  by 
wounding  one  of  them  all  their  contained  aqueous 
Humour  is  difcharg’d  ;  for  if  the  contained  Liquor 
ilagnated  in  one  common  Sacculus,  it  would  then 
be  fuddenly  difcharged,  upon  making  an  Incifion 
thro’  the  external  Membrane,  whereas  we  fee  that 
it  difliis  very  flowly.  That  this  Membrane  is  fur- 
nifh’d  with  VefTels  is  highly  probable,  only  they 
are  fo  thin  and  pellucid  that  they  cannot  be  view’d 
even  by  the  bed  Microfcope. 

§.  524.  In  an  Excavation  in  the  middle  of 
the  lower  and  anterior  Surface  of  the  vitreous 
Humour  is  placed  the  cryftailine  Lens,  free  or 
moveable,  and  connected  to  the  fame  by  the 
vitreous  Membrane  (§.  523.)  as  well  as  by  its 
own  proper  very  thin  Membrane  1  ;  but  thefe 
fine  Membranes  with  their  contained  Bodies 
are  fo  thin  and  pellucid,  that  they  are  quite 
feen  through ;  and  yet  Reafon  teaches  us  that 
they  muft  be  furniflfd  with  their  proper  fmall 
Vejfels  2  ;  and  Experience  demonftrates  the 
fame  in  the  largeft  of  Animals,  the  Whale. 

1  The  cryftalline  Lens  is  feared  in  a  Cavity  im- 
preiTed  in  the  lower  Fart  of  the  Surface  of  the  vi¬ 
treous  Body,  and  coheres  to  the  fame  vitreous  Bo¬ 
dy  by  fmall  VefTels,  which  I  have  been  able  to 
difcern  with  my  Eyes,  but  of  fo  tender  a  nature, 
that  they  are  broke  or  deftroy’d  by  a  flight  Pref- 
fure  of  the  Hand  but  the  Rim  or  Margin  with 
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which  the  cryftalline  firfh  touches  the  vitreous  Bo¬ 
dy ,  is  encompafied  all  round  with  the  ciliary 
Dudls,  which  form  a  Circle  or  Ring,  as  -Rnyfch 
has  demonftrated  by  his  Injections.  From  this 
fame  Circle  of  the  ciliary  Ducts  is  expanded  a 
Membrane,  which  covers  and  contains  the  cryftal- 
line  Lens,  that  it  might  not  be  eafily  fhook  or 
agitated  in  the  vitreous  Body  *,  that  the  Capfula 
of  the  cryftalline  performs  this  Office,  is  evident 
in  the  couching  of  a  Cataract,  when  the  Capfula 
being  incifed,  the  cryftalline  Lens  Hips  out  of  its 
place.  The  Surgeon  (kill’d  in  the  Art  of  Couch¬ 
ing,  makes  a  Puncture  thro’  the  Sclerotica,  under 
or  within  the  Rim  of  the  Iris,  at  about  the  diftance 
of  the  twentieth  Part  of  an  Inch  from  thence,  or 
rather  at  the  diflance  of  two  Lines  from  the  Iris  ; 
as  foon  as  the  Sclerotica  is  perforated,  and  he  fees 
that  his  Needle  can  move  freely,  he  then  directs  it 
in  fuch  a  manner  as  to  avoid  touching  the  Iris, 
until  he  perceives  the  Needle  through  the  Pupil ; 
when  the  Needle  is  feen  thro’  the  Pupil,  he  then 
tries  whether  or  no  it  adheres  to  or  draws  the  Iris, 
and  finding  it  free,  he  turns  the  Point  of  the  Nee¬ 
dle  inward,  and  with  a  gentle  Force  wounds  the 
anterior  Membrane  of  the  cryflalline  Lens,  and 
forces  out  the  Lens  down  to  the  bottom  of  the 
Eye.  That  this  laft  Part  of  the  Operation  is  ne- 
ceffary  to  be  perform’d,  they  very  well  knowr  who 
are  (kill’d  in  this  Affair,  whatever  fome  of  the 
Moderns  may  have  wrote  againft  this  Opinion  ; 
for  the  Tunica  Arachnoides  of  the  cryftalline  Lens 
prevents  it  from  fubfiding  on  the  aqueous  Humour 
by  its  own  Weight,  which  is  greater  than  that  of 
the  aqueous  Humour  *,  this  arachnoide  Membrane 
covers  the  Lens  before,  and  invefts  the  vitreous 
Body  behind. 
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a  The  cryftalline  Lens  (which  is  a  more  juft  De¬ 
nomination  than  that  of  cryftalline  Humour)  is  in 
Fifh  perfectly  fpherical ;  but  in  other  Animals  it 
is  more  or  lefs  flat  or  depreffed,  confiding  as  it 
were  of  two  Segments  of  Spheres.  If  now  the 
cryftalline  Lens  of  a  human  Eye  is  placed  in  warm 
Water,  and  you  take  off  its  Membrane  by  very- 
fine  Inftruments,  the  whole  Lens  will  appear  di- 
vifible  into  an  infinite  Number  of  parallel  Strata, 
each  of  which  are  made  up  by  frnall  Veffels  com¬ 
plicated  in  a  particular  manner  *  but  each  of  thefe 
frnall  Veffels  are  pervaded  by  their  refpedtive  Hu¬ 
mours,  the  Circulation  of  which  is  carried  on  even 
into  the  very  Center  or  Body  of  the  folid  Lens. 
Thefe  Veffels  feem  to  arife  either  from  the  ciliary 
Du6ts,  or  from  the  vitreous  Membrane.  In  the 
Eye  of  a  Whale,  the  Rim  of  the  cryftalline  Lens 
is  encompaffed  with  a  hollow  Ring  or  arterial 
Veffel,  from  whence  frnall  Roots  are  detached, 
even  into  the  Beginning  of  the  Lens.  From  hence 
it  is  evident,  upon  what  minute  Organs  the  Inte¬ 
grity  of  the  Sight  depends,  which  is  one  of  the 
greateft  of  human  Enjoyments.  For  if  the  Eye 
continues  found  in  other  refpedls,  and  the  Circu¬ 
lation  of  the  Humours  through  the  cryftalline 
Lens  only  is  difturbed,  that  Body  will  then  be  con¬ 
tinually  obfcured  with  an  Opacity,  the  Whitenefs 
of  which  will  be  feen  through  the  Pupil,  fo  as  to 
deftroy  or  fubvert  the  whole  Sight. 

§.  525.  Laftly,  The  interior  medullary  2 
Part  of  the  optic  Nerve,  perforated 2  in  its 
Middle,  enters  the  Bottom  of  the  Globe  of 
the  Eye  in  fuch  a  manner,  that  its  'Entrance 3 
with  refpedi  to  the  Height  of  the  Globe,  is  in 
its  Middle  4  $  but  in  reipe£t  to  the  Breadth  or 

tranfverfo 


92  Of  the  Sight.  §.  $2$. 

tran fverfe  Diameter  of  the  fame,  the  Nerve  is 
feated  one  third  Part  of  the  Diameter  of  the 
Eye  nearer  to  the  internal  Angle.  Hence  the 
optical  Axis  does  not  fall  upon  the  Entrance 
of  the  optic  Nerve,  but  recedes  a  confiderable 
Diftance  from  thence  towards  the  external 
Angle.  The  Medulla  of  the  optic  Nerve  be¬ 
ing  thus  enter’d  into  the  Globe  of  the  Eye,  is 
immediately  after  expanded  in  the  Bottom  of 
it  under  the  vitreous  Humour,  fpreading  on 
all  Sides  together  with  the  larger  Arteries 
which  enter’d  with  it,  and  accompany  every 
Point  of  its  Expanfion  with  their  fmall 
Branches  3  it  has  alfo  lymphatic  VeJJ'els  5,  but 
in  other  refpedts  refembles  a  foft  Mucus,  and 
is  called  the  Retina. 

1  The  Pulp  of  the  optic  Nerve  is  compofed  of 
the  Medulla  from  the  anterior  Ventricles  of  the 
Brain  itfelf,  or  from  the  Thalami  Optici  continu¬ 
ed  into  the  Eye  3  at  entering  which,  at  the  open¬ 
ing  of  each  Globe,  they  depofit  fir  ft  the  Integu¬ 
ment  which  anfwers  to  the  Dura  Mater,  from 
whence  it  is  derived  to  form  the  Tunica  Scleroti¬ 
ca  3  it  then  depofits  the  Tunica  Arachnoides,  from 
whence  refults  the  Choroides  3  together  with  the 
Pia  Mater,  from  whence  ari fes  the  Tunica 
Ruyfchiana .  The  Nerve  being  deftitute  of  thefe 
Coverings,  is  then  a  naked  Medulla  or  foft  Pulp. 

%  This  Perforation  of  the  optic  Nerve  has  been 
juftly  defcribed  by  Galen ,  who  is  defended  by 
Euftachius ,  in  oppofition  to  Vefalius ,  whofe  va¬ 
luable  anatomical  Tables  ought  to  be  purchafed  at 
any  Price.  Galen  firft  deferibes  the  nine  Pair  of 
Nerves,  but  fays,  that  in  the  middle  of  the  optic 
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Nerve  there  is  a  Cavity,  continued  as  it  were  from 
the  Eye  to  the  anterior  Ventricles.  This  Difcovery 
of  Galen  was  afterwards  confirmed  by  Ruyfch ,  who 
efteeming  the  Preparations  of  Art  more  than  Books, 
was  not  acquainted  with  the  Fame  of  Euftacbius . 
This  Cavity  in  the  optic  Nerve  is  filled  by  a  fangui- 
ferous  Artery,  which  being  empty  in  the  dead  Bo¬ 
dy  is  drawn  back,  and  leaves  a  bare  Tube  or  Per¬ 
foration.  From  this  Artery  are  derived  the  Vef- 
fels  which  are  difperfed  through  the  Retina  and 
vitreous  Humour.  Upon  this  Perforation  of  the 
Nerve  depends  that  wonderful  Experiment  of  Ma- 
rioty  which  we  fliall  mention  hereafter  at  §.  542. 

3  When  the  optic  Nerve  has  reached  the  Globe 
of  the  Eye,  it  is  expanded  on  the  internal  Surface 
thereof,  in  medullary  Rays  or  Fibres,  and  forms 
a  true  Membrane ;  fo  that  the  Retina  is  nothing 
more  than  the  Medulla  of  the  Brain  itfelf  expand¬ 
ed  like  a  Membrane,  that  is,  into  a  mucous  Net¬ 
work.  All  this  may  be  illuflrated  by  Experiment 
in  the  Eye  of  an  Ox  •,  which  ought  to  be  taken 
entire  out  of  the  Orbit,  and  opening  the  Sclero¬ 
tica  by  a  crucial  Incifion,  and  then  dividing  the 
Choroides  and  Tunica  Ruyfchiana,  the  next  that 
follows  to  thefe  is  a  tender  Mucus,  almofl  like 
that  of  the  Nofe,  of  a  whitifh  Colour,  but  little 
more  confident  than  a  Fluid,  and  capable  of  be¬ 
ing  deflroyed  by  the  lead  Force.  The  convex 
Part  of  this  mucous  Membrane,  the  Retina,  lies  next 
to  the  Tunica  Ruyfchiana ,  and  its  concave  Part  to¬ 
wards  the  vitreous  Humour  ;  betwixt  which  two 
it  is  expanded  throughout  the  whole  Cavity  of  the 
Eye,  even  to  the  ciliary  Duds,  and  almofl  to  the 
Margin  of  the  Iris. 

4  This  Obliquity  of  the  Infertion  of  the  optic 
Nerves  ought  to  be  well  remember’d.  For  it  is 
commonly  faid  by  Anatomifls,  that  the  optic 
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Nerve  enters  the  Middle  of  the  Eye  ;  and  in 
fome  Animals  this  is  true,  but  not  in  the  hu¬ 
man  Body.  We  ought  to  fuppofe  ftrft  a  Plane 
to  pafs  through  the  Middle  of  the  Axis  of  the  Eye 
horizontally  from  before  backward  ;  and  thus  the 
whole  Eye  will  be  divided  into  two  Parts,  upper  and 
lower.  Now  in  this  Plane  the  optic  Nerve  enters 
the  Eye,  in  its  middle  with  refpedt  to  upper  and 
lower.  But  if  we  fuppofe  the  Eye  to  be  divided 
by  another  Plane,  defending  perpendicularly  thro* 
the  former,  the  Eye  will  be  divided  into  a  right 
and  a  left  half  or  Side :  but  then  the  optic  Nerve 
does  not  enter  the  Eye  in  that  Plane,  but  in  the 
middle  of  the  interior  half  of  the  Eye,  fo  as  to  be 
one  third  Part  of  the  Diameter  of  the  whole  Eye 
diftant  from  the  internal  Extremity  of  the  Bulb, 
and  two  third  Parts  diftant  from  the  oppofite  Side 
of  the  Bulb,  next  the  external  Angle  of  the  Orbit ; 
and  therefore  the  Nerve  recedes  vertically,  one 
fixth  Part  of  the  Breadth  of  the  Bulb  of  the  Eye, 
from  the  Plane,  which  cuts  the  Eye  perpendicu¬ 
larly  into  two  Halves.  The  Reafon  of  this  Me- 
chanifm  ferns  to  be  as  follows.  The  Middle  or 
Center  of  the  optic  Nerve  is  blind  or  infenfible, 
becaufe  there  a  confiderable  Artery  enters  the  Eye  ; 
but  the  Artery  cannot  fee,  for  the  Nerves  only 
are  the  Organs  of  Senfation.  If  you  infpedt  the 
Eyes  of  fome  Patients  in  a  ferene  Air,  there  can 
be  no  fenfible  Defect  obferved,  when  at  the  fame 
time  the  Patient  complains  of  feeing  little  Balls 
dancing.  This  arifes  from  the  lymphatic  Arteries 
which  cover  Part  of  the  optic  Nerve,  and  are  not 
capable  of  feeing.  This  being  the  Fabric  of  our 
Eyes,  had  the  optic  Nerves  been  inferted  perpen¬ 
dicularly  in  the  middle  of  the  tranfverfe  Plane,  the 
parallel  Rays  coming  from  any  Objedt  placed  be¬ 
fore  us,  would  have  fallen  upon  this  Artery  ; 
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whence  we  mud  confequently  either  not  perceive  the 
Objedt  at  all,  or  elfe  fee  it  as  with  a  Hole  in  the 
Middle.  To  avoid  this  Inconveniency,  Nature 
has  inclined  the  Entrance  of  the  optic  Nerves  near¬ 
er  towards  the  Nofe ;  and  has  thereby  removed 
the  blind  Part  of  the  Eye,  fo  that  it  lofes  only 
that  vifible  Point  of  an  Objed  which  is  the  lead 
neceflary  to  be  feen  by  both  Eyes,  and  which 
may  be  always  feen  by  one  of  them  when  there  are 
two.  Nor  were  the  optic  Nerves  ever  obferved 
to  deviate  from  this  Obliquity  of  their  Infertion. 
But  in  the  mean  time  it  is  to  be  obferved,  as  we 
(hall  hereafter  demonftrate,  in  oppofition  to  Marlot 
and  others  of  the  French ,  that  not  the  Choroides 
but  the  Retina,  is  the  true  and  immediate  Organ 
of  Vifion. 

5  Ridley  obferved  lymphatic  VelTels  in  the  Bot¬ 
tom  of  the  Eye,  diftindf  from  the  medullary  Pulp 
of  the  Retina;  which  lymphatic  VelTels  are  pel¬ 
lucid,  and  incumbent  on  the  fenfible  Nerve,  in 
fuch  a  Manner,  that  the  Images  of  the  Objedts 
pafs  through  them  as  through  a  Glafs.  When  any 
of  the  red  Blood  paffes  into  thefe  Arteries  in  In¬ 
flammations,  the  Eye  is  in  a  manner  half  blinded  ; 
and  when  they  vibrate  or  beat,  we  fee  luminous 
Sparks  in  the  dark.  If  a  young  Man  is  ordered 
to  look  towards  his  Nofe,  and  a  Preffure  is  then 
made  upon  the  Eye,  at  the  lefler  Angle  of  the 
Orbit,  he  will  perceive  a  luminous  Flame.  Before 
an  Apoplexy  the  Patient  frequently  perceives  a  lu¬ 
minous  Flame  or  Sparks  ;  and  Aretceus  obferves, 
that  the  fame  Appearance  precedes  an  Epilepfy. 
The  like  alfo  is  fometimes  obferved  in  other  in¬ 
flammatory  Difeafes  of  the  Head,  in  a  Phrenzy, 
&c.  But  when  the  Arteries  are  quite  broke,  a  per¬ 
fect  Blindnefs  follows,  without  any  external  Signs  of 
the  Diforder,  which  is  then  called  a  Gutta  Serena. 
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§.  526.  The  Cavity  or  Chambers  1  of  the 
Eye  formed  before  by  the  concave  Surface  of 
the  Cornea,  and  behind  by  the  convex  Surface 
of  the  vitreous  and  cryftalline  Body,  is  filled  2 
with  a  thin,  very  pellucid  and  brackijh  3  Hu¬ 
mour,  inodorous,  foon  exhaling,  and  foon 
renewed  4,  preferving  the  flaccid  Cornea  equa¬ 
bly  dif  ended  5  in  its  Convexity,  fupports  on 
all  Sides  the  Uvea  6  which  is  fufpended  in  it ; 
and  being  extremely  fluid  in  the  time  of 
Youth,  it  by  Age  pafles  through  various  De¬ 
grees  of  Thicknefs  and  Opacity  7,  till  at  length 
it  often  becomes  whitifh  in  old  People:  it 
feems  to  arije  8  from  the  arterial  Blood  prepa¬ 
red  in  the  Choroides,  and  more  perfectly  ela¬ 
borated  in  the  arterial  Circles  of  the  Iris,  and 
in  the  vitreous  Humour ;  and  being  farther 
attenuated  in  the  fmalleft  lymphatic  Arteries 
which  from  thence  arife,  it  continually  tran- 
fudes  through  open  Dudts,  feated  all  round 
the  internal  Surface  9  of  the  Cornea  in  the 
Iris,  Uvea,  vitreous  Membrane  and  arachnoide 
Tunic  of  the  cryftalline  Lens,  opening  into 
this  Cavity ;  this  fame  Humour  is  afterwards 
again  continually  abforbed  10  by  the  open 
Mouths  of  the  lymphatic  Veins*  without  lea¬ 
ving  any  manner  of  Fczces  11  behind.  For 
which  Purpofe  of  abforbing,  the  Dufts  of 
Nucke  12  and  others  are  quite  unfit,  as  will 
readily  appear  to  any  one  after  due  Confide- 
ration.  This  Liquor  therefore,  continually 
funplied  by  thefe  tender  *3  Parts  or  Veflfels, 
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ferves  continually  to  moiften,  lubricate  and  re¬ 
tain  thefe  Parts  in  their  due  State  of  Pelluci- 
dity ;  and  even  the  Sinking  or  Collapfion  of 
the  Eyes  in  dying  People,  fee  ms  to  infer  that 
the  fubtle  Spirits  of  the  Nerves  are  alfo  depo- 
lited  into  this  Cavity. 

1  Betwixt  the  concave  Surface  of  the  Cornea, 
and  the  convex  Superficies  of  the  vitreous  Humour 
and  the  cryftalline  Lens,  there  is  a  Cavity,  which 
is  divided  in  the  Middle  by  the  Iris  and  Uvea  into 
two  Chambers,  which  communicate  together  by 
the  Foramen  of  the  Pupil.  This  laft  Cavity  is 
quite  filled  full  with  the  aqueous  Humour.  There 
are  therefore  three  difbincSb  Cells  or  Chambers  in 
the  Eye,  like  as  there  are  three  diftindi:  Cavities  in 
the  Thorax.  The  firft  is  the  Chamber  of  the 
aqueous  Humour,  which  is  partitioned  into  two, 
the  one  anterior  betwixt  the  Cornea  and  Iris,  and 
the  other  pofterior  betwixt  the  Uvea  and  ciliary 
Ligaments. 

a  So  long  as  a  Perfon  lives,  this  Cavity  remains 
full  and  diftended  with  the  aqueous  Humour  ;  but 
after  Death  it  is  continually  wafting,  and  the  Eye 
collapfes  ;  infomuch  that  the  Eye  feems  to  be  di¬ 
ftended  to  its  proper  Degree,  by  the  continual 
pouring  in  of  the  aqueous  Humour  by  the  Vis 
Vitae. 

3  This  Humour  is  a  little  more  confiftent  than 
Water,  is  pellucid  in  a  healthy  State,  freezes  by 
Cold,  though  it  is  more  difficultly  turned  into  Ice 
than  fimple  Water  :  it  is  in  fome  meafure  fait  or 
brackifh,  as  I  have  frequently  tafted.  It  congeals 
with  Spirit  of  Wine  •,  and  therefore  this  Spirit 
feems  to  be  improperly  ufed  in  Difeafes  of  the 
Eyes.  .  • 
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4  This  Humour  is  fo  foon  renewed,  that  after 
extravafating  the  fame  by  a  Puncture,  it  will  be 
reftored  again  in  the  fpace  of  twenty-four  Hours, 
as  we  are  allured  by  Experiments.  The  Ancients 
were  indeed  not  ignorant,  that  by  perforating  the 
Cornea,  the  aqueous  Humour  is  difcharged,  and 
afterwards  renewed  again.  This  Obfervation  was 
renewed  by  a  fome  time  famous  Chemift,  Jofephus 
Burroughs ,  a  boafting  fort  of  a  Perfon,  who  pe¬ 
rilled  in  a  Romijh  Prifon  for  writing  again  ft  the 
Virginity  of  the  blefted  Mary .  But  he  cloaked  the 
Experiment  under  a  Medicine,  which  he  called 
the  Quintefcence  of  Celandine  prepared  by  Che- 
miftry  ;  one  Drop  of  which  Efience  being  diftilled 
into  the  Eye,  reftored  the  aqueous  Humour  and 
the  Sight.  Ele  performed  his  Experiments  before 
the  Phyficians  at  Amfterdam:  He  perforated  the 
Cornea  in  a  Dog,  and  fuffered  the  aqueous  Hu¬ 
mour  to  be  difcharged,  infomuch  that  the  whole 
Eye  collapfed  ;  and  after  dropping  in  this  Liquor, 
bound  up  the  Eye,  and  left  the  Animal  in  the 
Care  of  the  Phyficians.  The  next  Day  he  un- 
drefled  the  fame  Eye  in  the  Prefence  of  the  Phyft- 
cians,  when  it  appeared  full  and  fair  like  the  other 
Eye,  as  if  it  had  not  been  injured.  But  about  the 
fame  time  it  was  found  by  other  Experiments, 
that  the  fame  Event  would  follow,  even  though 
nothing  was  poured  into  the  Eye.  The  expert 
Red/  tried  the  Experiment  upon  ail  Kinds  of  Ani¬ 
mals,  by  wounding  the  Cornea  near  the  Iris,  and 
preffing  out  the  aqueous  Humour,  by  which  the 
Animal  became  blind  :  but  by  the  Application  of 
a  Fomentation  with  Milk  for  forty-eight  Hours, 
the  Wound  appeared  healed,  and  the  Eye  filled 
with  its  aqueous  Humour  ;  whence  it  manifeftly 
appeared  that  there  are  Dud'ts  in  the  Eye,  from 
whence  the  aqueous  Humour  is  continually  poured 
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into  its  proper  Cavity.  There  was  a  Lad  of  a 
noble  Family,  which  at  that  time  had  the  chief 
Government  in  the  Republick,  who  in  play  had  a 
Stone  flung,  by  which  the  Cornea  was  wounded, 
and  the  aqueous  Humour  difcharged,  fo  that  the 
Eye  collapfed.  I  being  called  at  that  Inftant  of 
Time,  order’d  him  to  be  bled  plentifully,  and  to 
obferve  a  perfect  Abstinence  and  after  dropping 
into  the  Eye  fome  warm  young  Pigeon’s  Blood, 
without  any  other  Quintefcence,  carefully  bound 
up  the  Eye,  and  fo  left  it  for  the  fpace  of  forty- 
eight  Hours ;  after  which  time,  in  removing  the 
Dreflings,  the  Eye  appeared  entire  and  full,  the 
aqueous  Humour  being  perfectly  reftored.  Upon 
this  Experiment  is  founded  that  bold  Operation  of 
JVoolboufe ,  in  which  the  Cornea  is  perforated  to  ex¬ 
tract  Matter  or  Membranes  lodged  in  the  aqueous 
Humour. 

5  The  Eye  would  not  be  capable  of  feeing,  un- 
lefs  the  whole  Cornea  was  equably  diftended  and 
flexible  outward  ;  for  the  Eye  can  only  be  expand¬ 
ed  into  a  Sphere,  when  the  extending  and  re  lifting 
Forces  are  equable  in  every  Point.  This  was 
therefore  the  Reafon  why  Nature  has  extenuated 
the  hard  Sclerotica  into  the  thin  Cornea,  and  fuftain- 
ed  it  by  the  aqueous  Humour,  which  perpetually 
urges  the  Cornea  forwards  and  outwards,  by  the 
vital  Force  with  which  it  is  impelled  through  its 
proper  Dudls.  For  when  that  Force  ceafes,  the 
Cornea  continually  fhrinks  or  collapfes,  the  Colours 
of  the  Rainbow  are  obferved  in  the  Eye,  and  the 
whole  Perfon  becomes  lifelefs. 

6  When  the  Head  is  inclined  forward,  the  Iris 
would  approach  towards  the  Cornea  ;  and  when 
the  Head  is  inclined  backward,  it  would  approach 
towards  the  vitreous  Humour,  if  it  was  not  fuftain- 
ed  on  each  Side  by  the  aqueous  Humour :  for  by 
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this  Humour  it  is  kept  in  fuch  an  Equilibrium,' 
that  there  is  no  greater  Inclination  of  it  to  one  Side 
than  the  other,  in  all  manner  of  Poftures.  1  If  the 
•aqueous  Humour  is  deficient,  as  in  People  who 
are  dying,  in  that  Cafe  the  Figure  of  the  Eye  is 
changed,  the  Iris  collapfes  backward,  and  the  Pu¬ 
pil  dilates  extremely  large. 

7  When  this  Humour  becomes  opake,  it  forms 
the  firft  Species  of  the  fpurious  CataraCt.  In  this 
Cafe  the  whole  Eye  appears  whitifh  externally, 
and  the  Whitenefs  covers  the  Iris  and  the  Pupil, 
fo  as  to  deftroy  the  Sight,  which  can  be  reftored 
by  no  Artifice  *,  as  we  may  often  obferve  in  old 
People.  It  is  not  difficult  to  diftinguiffi  this  Dif- 
order  from  the  true  CataraCl ;  for  in  this  laft,  the 
Cornea  and  Forepart  of  the  Eye,  with  the  Iris, 
fuffer  no  vifible  Alteration,  but  a  Whitenefs  ap¬ 
pears  behind  the  Pupil,  namely,  an  Opacity  of 
the  cryftalline  Lens.  If  Woolhoufe  had  confidered 
this  Difference  as  he  ought,  thofe  who  have  wrote 
again  ft  him,  with  Heifter  and  others,  might  very 
eafily  have  reconciled  the  Difference  of  the  two 
Kinds  of  CataraCts  j  namely,  an  Opacity  of  the 
aqueous  Humour,  and  a  Diforder  of  the  cryftal¬ 
line  Lens.  Laftly,  There  is  another  Diforder  of 
this  Humour  when  it  is  deficient,  or  not  feparated 
in  a  due  Quantity  to  fufpend  the  Pupil,  which 
therefore  collapfes  backward. 

8  But  as  to  the  Origin  of  this  Humour,  it  cea- 
fes  to  be  any  longer  an  Opinion  or  Conjecture, 
after  it  has  been  fufficiently  demonftrated  by  Ex- 
periments.  For  all  the  Parts  here  mentioned  are 
full  of  moft  minute  Veffels,  the  fmalleft  of  which 
feem  to  exhale  a  moft  thin  Vapour,  every  Particle 
whereof  is  a  volatile  Spirit,  and  wonderfully  ex¬ 
pan  five  ;  but  being  collected  together  and  confi¬ 
ned,  thefe  Particles  are  converted  into  a  kind  of 
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Water.  Thus  common  Water  is  by  the  Force  of 
Heat  rarified  into  a  Vapour  quite  volatile,  and  by 
the  Force  of  Cold  is  again  condenfed  into  a  true 
Water  :  but  we  may  fetch  an  Inflance  of  this  ftill 
nearer  in  our  Breath,  which  by  the  Cold  is  con¬ 
denfed  into  aqueous  Drops. 

9  The  whole  concave  Surface  of  the  Cornea, 
with  the  Convexity  of  the  cryftalline  Lens  and  vi¬ 
treous  Body,  together  with  the  Surface  of  the  Iris 
and  Uvea.  From  this  large  Extent  of  Surface  is 
feparated  a  thin  Water,  which  continually  moiftens 
the  mod  minute  radiated  and  orbicular  Mufcles  of 
the  Iris,  and  prevents  their  Concretion.  And  that 
the  fame  Humour  is  fecerned  from  the  Cornea,  we 
know  by  Experiment :  for  if  the  Eye-lids  be  held 
from  winking,  and  the  Cornea  wiped  dry  in  a 
healthy  Perfon,  foon  after  a  thin  Liquor  will  ap¬ 
pear  to  tranfude  through  the  dry  Cornea.  Thus 
Peyerus  has  demonftrated  by  folid  Experiments, 
that  all  the  Membranes  in  the  human  Body  per- 
fpire. 

10  If  this  Humour  was  not  to  be  abforbed,  be¬ 
ing  perpetually  accumulated  by  the  Arteries  with¬ 
out  returning  by  the  Veins,  it  would  caufe  a  Drop- 
fy  of  the  Eye,  or  produce  the  Oculus  Elephanti- 
nus,  in  which  the  Eye  is  di [fended  forward  in  a 
very  unfightly  manner  *,  but  it  is  diftended  for¬ 
ward,  becaufe  behind  there  is  the  Refiifance  of  the 
bony  Orbit,  which  obliges  the  accumulated  LIu- 
mour  to  exert  all  its  Force  in  diftending  the  Cor¬ 
nea.  If  the  Cornea  is  perforated  with  a  very  fmall 
Needle,  the  aqueous  Humour  difcharges  itfelf 
through  the  Pun6ture  ;  but  then  the  Water  is  foon 
renewed  again,  and  the  frightful  Tumour  of  the 
Eye  returns. 

"It  may  perhaps  feem  wonderful  to  one,  who 
duly  confiders  that  the  Humours  continue  limpid 
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without  any  Opacity  in  the  Eyes  of  a  Perfon  eigh¬ 
ty  Years  old.  But  it  is  more  wonderful  to  one, 
who  confiders  that  the  aqueous  Humour  is  opake 
in  new-born  Infants  by  a  kind  Provifion  of  Na¬ 
ture,  that  their  tender  Eyes  might  not  be  molefl- 
ed,  or  too  violently  affected  by  the  Light,  to 
which  they  have  not  been  accuftomed.  It  is  well 
known  by  every  body,  that  Kittens  and  Puppies 
are  blind  at  their  Birth  *,  but  this  is  true  not  only 
in  thefe  Animals,  but  in  all  Animals  in  general  ; 
namely,  that  they  are  deftitute  of  the  Office  of 
their  Eyes.  In  the  mean  time,  by  degrees,  the 
aqueous  Humour  depofits  its  white  Colour,  and 
becomes  more  tranfparent,  continuing  ever  after¬ 
wards  limpid  without  depofiting  any  Sediment,  or 
forming  any  Spots  •,  which  is  indeed  wonderful, 
and  not  to  be  imitated  in  any  other  Humour. 

12  But  Bovins,  as  well  as  Buck,  pretends  to  have 
difcovered  the  true  Sources  or  fecretory  Veffels 
from  whence  the  aqueous  Humour  is  derived,  It 
is  fufficiently  demonflrated  from  the  Obfervations 
of  thofe  Anatomifts,  that  thefe  Veffels  are  at  firffc 
large  and  fanguiferous  ;  but  that  from  them  arife 
other  pellucid  Veffels,  from  whence  the  aqueous 
Humour  is  derived  after  it  has  been  attenuated  in 
the  Veffels,  paffing  through  the  livid  Points  of  the 
Sclerotica  and  Choroides  ;  and  being  afterwards 
farther  attenuated  and  fubtilized  in  the  j Tunica 
Ruyfchiana ,  it  at  length  diftils  through  the  moft 
minute  aqueous  Duffs.  But  fo  fubtle  a  Humour 
could  not  poffibly  be  feparated  by  any  Veffels  but 
thofe  of  the  ultimate  Series,  or  fmalleft  decreafing 
Arteries,  which  exhale  their  contained  Juices.  At 
leaff:  we  may  be  certain,  that  fo  long  as  we  are  ca¬ 
pable  of  feeing  thefe  Veffels,  we  are  fure  that 
they  cannot  be  the  Fountains  from  whence  the 
aqueous  Humour  is  derived. 
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13  Namely,  the  very  fmall  Mufcles  of  the  Iris, 
Uvea  and  cryftalline  Lens,  which  require  to  be 
continually  moiftened  in  a  Bath,  left  they  lhould 
concrete  together,  and  become  opake,  and  that 
they  might  continue  conftantly  and  equably  flexible 
and  free  for  Motion. 

§.  527.  The  folid  cryftalline  Lens,  convex 
or  fpherical 1  on  each  Side,  is  compofed  of  an. 
infinite  Number  of  fibrous,  and  very  pellucid 
fpherical 2  Strata  or  Segments,  ftridly  united 
to  each  other,  fo  as  to  form  a  tranfparent  Bo¬ 
dy  3  much  denfer  than  the  aqueous,  or  even 
than  the  vitreous  Humour,  which  is  feated  in 
that  Part  of  the  Eye,  where  the  Axis  of  Vifi- 
on  paffes  through  its  Center,  affifting  to  form 
the  fame  Axis,  and  lying  nearer  to  the  Cornea 
than  the  Retina,  being  made  up  of  an  infinite 
Number  of  fmall  Veffels,  as  appears  from  the 
fhrinking  and  Lofs  of  Weight  which  it  fuffers 
by  drying  4  3  it  is  therefore  improperly  called  a 
Humour,  fince  it  is  a  Solid  furnilhed  with 
Veffels  from  thole  which  are  continued  5  to  its 
including  Membrane. 

r. ;  _  •/.  ;  .  '  'A  '  ‘  '  -pi  "h 

1  The  Surface  of  the  cryftalline  Lens  is  perfect¬ 
ly  equable  *,  but  when  it  is  fplit  in  two,  it  has  un¬ 
equal  Sides,  and  multiplies  Objeds  in  the  fame 
manner  as  when  we  look  through  a  Multiply  ing- 
Glafs,  which  has  many  Sides  or  plain  Surfaces,  re¬ 
peating  the  Image  of  a  Angle  Objed  as  often  as 
the  Lens  is  divided  into  diftind  Planes.  An  In- 
ftance  of  this  rare  Diforder  has  fallen  under  my 
own  Obfervation. 
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*  If  the  crystalline  Lens  be  well  cleanfed  and 
held  in  fcalding  Water,  there  appears  a  white,  fi¬ 
brous  and  opake  Cruft  upon  its  Surface  ;  and  if 
that  be  taken  off  fiowly  and  carefully  by  a  Nee¬ 
dle,  and  viewed  by  a  Microfcope,  it  appears  to 
divide  into  an  infinite  Number  of  thin  Membranes 
concentric  to  each  other  ;  but  each  connected  to 
the  other  by  a  kind  of  reticular  Plexus,  as  they 
rife  one  under  the  other.  Thus  Children  know 
how  to  peel  off  the  opake  Membranes  or  Coats 
from  the  white  Eye  of  a  boiled  Codfifh,  till  at  laft 
there  remains  a  fmall  pellucid  Spherule,  which 
they  call  a  Pearl. 

5  The  cryftalline  Lens  is  in  fome  meafure  ren» 
der’d  opake  even  by  Death,  but  much  more  fo 
by  fcalding  Water.  This  is  therefore  the  mani- 
feft  and  moft  frequent  Caufe  of  Cataradts,  which 
arife  from  the  Application  of  Medicines  too  hot 
for  the  Eyes,  or  from  an  Inflammation  of  the  Eye 
preceding.  For  fo  foon  as  the  cryftalline  Lens  is 
opake,  the  Diforder  is  termed  a  Glaucoma,  which 
may  be  eafily  kflown  from  the  Appearance  of  a 
white  Spot  in  the  Middle  of  the  Patient’s  Eye, 
behind  the  Pupil. 

4  Thus  Hovius  experienced,  that  the  cryftalline 
Lens  fufpended  in  the  open  Air  contracted,  and 
grew  lighter  every  Moment,  till  at  laft  it  fhrunk 
up  to  a  dry  callous  Membrane.  It  is  therefore 
replenifhed  with  V efiels,  each  of  which  are  perva¬ 
ded  by  their  refpe&ive  Humours.  I  made  an  Ex¬ 
periment  for  this  purpofe  upon  the  cryftalline  Lens 
of  a  Hog  :  after  abrading  the  firft  Membrane,  a 
fort  of  Liquor  was  difcharged,  which  being  wiped 
up  with  Lint,  more  Water  followed  in  a  lefs 
Quantity  upon  abrading  the  next  Membrane,  and 
fp  om 
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5  Namely,  thofe  continued  from  the  Ring  in 
which  the  ciliary  Duds  terminate  ;  which  Ring 
was  firft  demonftrated  to  be  vafcular  by  Ruyfch  in 
a  Whale,  whatever  Hovius  may  fay  to  the  con¬ 
trary  •,  from  which  Ring  an  infinite  Number  of 
fmall  Vefiels  pafs  into  the  cryftalline  Lens  for  its 
Nutrition,  and  for  conveying  the  Humours  which 
continually  circulate  as  long  as  we  live. 

§.  528.  The  vitreous  Body  or  Humour  is 
extremely  pellucid,  flexible,  and  more  denfe 
than  the  aqueous,  being  vafcular  1  on  all  Sides, 
as  we  are  taught  by  the  diftilling  and  drying 
up  of  its  Humour  after  wounding  the  Veflels 
and  including  Membrane ;  and  therefore  there 
is  doubtlefs  a  continual  Circulation  of  its  Hu¬ 
mour.  When  the  arched  Fibres  (§.  522.)  are 
contraBed  2,  the  Ring  or  Circumference  of  the 
vitreous  Humour  round  the  cryftalline  Lens  is 
deprefled,  and  therefore  its  Middle  becomes 
elevated,  and  thrufts  the  cryftalline  nearer  to 
the  Cornea,  and  further  from  the  Retina;  but 
when  thefe  Fibres  are  relaxed,  the  Sides  of 
the  vitreous  Body  recover  their  former  Situa¬ 
tion,  and  the  Swelling  of  its  Middle  fubfides, 
by  which  means  the  cryftalline  Lens  is  brought 
nearer  to  the  Bottom  of  the  Eye  to  perform 
its  proper  Office.  The  vitreous  Body  is  there¬ 
fore  fofter  than  the  cryftalline  Lens,  that  it 
might  be  fufceptible  of  this  Change  of  Figure, 

*  We  find  that  the  vitreous  Body  grows  up 
from  that  fmall  Bulk  which  we  obferve  in  the 
Foetus,  continually  and  equably  augmenting  on 
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all  Sides  to  that  Magnitude  which  we  obferve  in 
the  Adult ;  whence  it  is  evident,  that  it  muft  be 
furnifhed  with  Vefiels,  but  which  are  fo  fmall  and 
pellucid  that  they  efcape  the  Sight.  They  feem 
to  arife  from  the  circular  Rim,  which  has  fo  ma¬ 
ny  arterial  Radii  as  there  are  Mufcles,  which  is 
demonftrated  to  us  by  the  Injections  of  Ruyfch : 
or  it  has  Arteries  or  Veins  which  are  pellucid  from 
the  Membrane  of  the  vitreous  Body  which  is  in¬ 
cumbent  on  the  Retina. 

a  The  vitreous  Body  fills  the  whole  Eye  from 
its  Bottom  where  the  optic  Nerve  enters,  even  to 
the  Backfide  of  the  Uvea.  It  is  convex  on  all 
Sides,  and  furniftied  in  the  Middle  of  its  anterior 
Convexity  with  an  Excavation  or  Cavity,  into 
which  the  cryftalline  Lens  is  received  ;  but  round 
that  Excavation  there  is  a  fort  of  protuberant 
Ring.  But  the  ciliary  Du&s  are  fpread  upon  the 
convex  Surface  of  the  Forepart  of  the  vitreous  Bo¬ 
dy,  and  are  inferred  into  its  Membrane  ;  and 
therefore  v/hen  they  contract  or  become  fhorter, 
they  deprefs  or  thruft  back  the  vitreous  Body  on 
every  Side.  But  behind  there  is  the  Refinance  of 
the  bony  Orbit  *,  and  therefore  the  vitreous  Body 
will  protuberate  in  that  Part  where  there  is  the 
leaf!:  Refinance,  that  is,  in  the  Middle  of  its  an¬ 
terior  Surface,  which  contains  the  cryftalline  Lens, 
and  which  is  not  comprefted  either  by  the  Mufcles 
or  the  hard  Sclerotica.  It  therefore  follows,  that 
the  vitreous  Body  being  preffed  back  by  the 
Contra&ion  of  the  ciliary  Ligaments,  will  thruft: 
the  cryftalline  Lens  forward  towards  the  Cornea. 
And  this  is  the  Reafon  why  the  vitreous  Body  is 
more  flexible  than  the  cryftalline  :  nor  could  the 
cryftalline  Lens  itfelf  be  thus  moved,  if  it  was  not 
more  hard  and  denfe  than  the  vitreous  Body, 
There  was  the  greateft  Ncceflity  for  this  Mecha- 
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nifm  in  the  Eye,  to  render  it  capable  of  feeing  di- 
jSinftly  both  near  and  diftant  Objects. 

§.  529.  The  Eye  thus  formed  (§.  515  to 
529.)  and  feated  in  the  bony  Orbit *,  there 
receives  in  its  Forepart  the  Tunica  adnata, 
which  is  loofe,  moveable,  and  derived  from 
the  Periofteum  of  the  external  Margin  of  the 
Orbit ;  and  this  Membrane  being  pellucid  and 
full  of  Vejfels  2,  is  fpread  over  the  whole  ante¬ 
rior  Surface  of  the  Eye,  the  Bulb  of  which  is 
by  this  means  faftened  and  fecured  without 
the  leaft  Injury  to  its  free  Motion. 

T  This  Membrane  arifing  on  all  Sides  from  the 
Bones  of  the  Orbit,  appears  white,  and  is  fpread 
from  the  Forepart  over  the  whole  Surface  of  the 
Globe  of  the  Eye,  covering  the  whole  Sclerotica, 
and  extending  itfelf  as  far  as  the  Iris,  it  there  be¬ 
comes  very  thin  and  pellucid,  and  is  in  that  man¬ 
ner  extended  over  the  Cornea  itfelf,  as  the  exqui- 
fite  Anatomift  Amannm  demonflrated  thirty  Tears 
before,  by  feparating  the  whole  Tunica  adnata 
from  the  Sclerotica  in  the  Eye  of  a  Calf.  There 
isalfoaTumor  of  the  Eye  termed  Hypopyon, 
or  a  Collection  of  Matter  betwixt  the  Sclerotica 
and  Tunica  adnata  *,  which  laft  is  in  that  Cafe  to 
be  punctured  to  difcharge  the  Matter,  and  then 
the  Diforder  may  be  cured  in  a  little  time.  This* 
Tumor  fometimes  creeps  or  fpreads  over  the  Cor¬ 
nea,  fo  as  to  demonftrate  apparently,  that  the 
Tunica  adnata  extends  itfelf  over  the  fame.  Nor 
yet  does  the  firm  Adhefion  of  this  Membrane  any 
way  impede  the  free  Motion  of  the  Eye.  It  is 
therefore  a  falfe  Notion  which  is  commonly  enter¬ 
tained,  that  the  Tunica  adnata  terminates  in  a 
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Circle,  as  if  it  were  cut  off  from  the  Cornea, 
which  is  fuppofed  to  remain  naked. 

1  The  Infpe£tion  of  the  Tunica  adnata  leads  us 
a  great  way  into  the  Knowledge  of  Difeafes. 
When  there  is  a  fmall  or  incipient  Inflammation  in 
the  Brain,  this  Membrane  always  looks  red  ;  and 
therefore  it  may  be  ufeful  to  infpeft  it  with  a  mag¬ 
nifying  Lens.  We  have  now  confidered  all  the 
Coats  of  the  Eye.  The  outermofl  of  which  is  the 
Tunica  adnata,  after  which  follows  the  Sclerotica, 
which  becoming  pellucid  in  the  anterior  Part  of 
the  Eye,  is  there  termed  the  Cornea.  Under  the 
fecond  or  hard  Coat  of  the  Eye  lies  the  Choroides 
with  its  interior  Lamella,  called  from  its  Difcove- 
rer  T unica  Ruyfchiana .  But  from  the  Choroides 
and  Tunica  Ruyfchiana ,  receding  from  the  Sclero¬ 
tica  and  Cornea,  arifes  a  fixth  Coat,  namely,  the 
Iris,  the  poflerior  Face  of  which  is  called  the 
Uvea.  The  eighth  Tunic  in  the  Eye  is  the  A- 
rachnoides,  arifmg  from  the  ciliary  Dudts,  and 
fpread  over  the  cryftalline  Lens.  The  ninth  Tu¬ 
nic  is  that  of  the  vitreous  Humour  arifing  from 
the  Tunica  Ruyfchiana.  The  tenth  and  laft  Coat 
is  the  Retina,  namely,  an  Expanfion  of  the  Me¬ 
dulla  of  the  optic  Nerve.  We  have  alfo  feen  that 
the  Eye  is  divided  into  three  Cavities  or  Chambers; 
the  firft  of  which  is  partitioned  into  two,  the  one 
anterior  and  the  other  poflerior,  containing  the 
aqueous  Humour  betwixt  the  Cornea  before,  and 
the  cryftalline  Lens  behind,  partitioned  in  the 
midft  by  the  Uvea  and  Iris,  the  former  looking 
towards  the  Backpart  of  the  Eye,  and  the  latter 
towards  the  Cornea.  The  fecond  Cavity  is  that 
which  contains  the  cryftalline  Lens,  which  may  be 
conceived  as  a  void  Space,  by  fuppofmg  the  cryftal¬ 
line  Lens  to  be  taken  out.  The  third  and  laft 
Chamber  of  the  Eye,  is  that  which  contains  the 
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vitreous  Body.  So  that  all  thefe  Chambers  or  Ca¬ 
vities  being  abfolutely  filled,  there  remains  not 
the  lead  Vacuity  in  the  whole  Eye.  The  anato¬ 
mical  Demonftration  of  the  whole  Eye  and  its  fe- 
veral  Parts,  is  owing  chiefly  to  the  Induftry  of 
thofe,  who  have  difle&ed  the  Eyes  of  the  larged 
Animals,  as  the  Elephant  and  Whale,  having  firfb 
accurately  injedled  its  Veffels,  and  then  made  a 
careful  Difledlion  of  the  feveral  Parts,  after  the 
manner  of  Ruyfch  and  Raw. 

§.  530.  In  the  next  Place  there  are  four 
Mufcles  *,  which  zniingjlejhy  2  from  the  Cir¬ 
cumference  of  the  larger  Foramen  in  the  Bot¬ 
tom  of  the  Orbit,  afcend  round  the  Bulb, 
about  the  Middle  of  which  they  become  ten¬ 
dinous,  and  are  in  that  Manner  inferted  info 
the  Sclerotica,  to  which  they  firmly  adhere, 
and  ferve  to  elevate  3  or  deprefs  the  Eye,  draw 
it  out  or  turn  it  towards  the  Nofe,  fix  it  fleady 
or  turn  it  round,  comprefs  or  elongate  the 
fame,  according  as  they  adl  either  together  4 
or  alone;  and  confpire  with  each  other  to¬ 
wards  the  feveral  Motions  of  the  Eye.  Be- 
fides  thefe  four  ftrait  Mufcles  of  the  Eye,  it 
has  alfo  two  oblique  ones,  the  uppermoft  of 
which,  the  obliquus  fuperior  5,  arifes  flefliy  from 
the  lower  Part  of  the  Orbit  near  the  Mufculus 
Atollens,  and  forming  a  fleflhy  Belly  in  its 
Progrefs,  it  is  at  length  changed  into  a  round 
Tendon,  which  pafling  through  a  cartilagi¬ 
nous  Pully  in  the  upper  Part  of  the  Margin 
of  the  Orbit  towards  the  Nofe,  it  palfes  back 
again  from  thence  into  the  Orbit,  and  is  in¬ 
ferted 
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ferted  into  the  Bulb  of  the  Eye,  in  the  middle 
Part,  betwixt  the  Entrance  of  the  optic  Nerve 
and  the  Infertion  of  the  Mufculus  Atollens ; 
and  its  Adlion  is  to  turn  round  the  Globe  of 
the  Eye  about  its  Axis  towards  the  Nofe,  to 
draw  it  out  of  the  Orbit,  and  at  the  fame  time 
to  diredl  the  Pupil  downward,  and  by  that 
means  the  Eye  is  fo  difpofed  as  to  be  capable 
of  feeing  things  which  lie  near  it  in  the  Face, 
or  upon  the  Nofe  below  itfelf.  But  the  obli- 
quus  inferior  6  Mufcle  arifes  flefhy  from  that 
outer  and  lower  Part  of  the  Orbit,  where  the 
Bones  are  joined  together,  and  is  inferted  with 
its  Tendon  betwixt  the  abdudlor  Mufcle  and 
the  optic  Nerve;  it  ferves  to  turn  round  the 
Bulb  of  the  Eye  towards  the  external  Angle 
of  the  Orbit,  to  diredl  the  Pupil  the  fame  way, 
and  at  the  fame  time  to  turn  it  upwards,  being 
capable  of  drawing  the  whole  Eye  out  of  the 
Orbit.  But  if  both  thefe  Mufcles  adl  together  7, 
they  fix  the  Eye  fierce  and  protuberant  out  of 
the  Orbit,  and  render  it  capable  of  difcovering 
any  thing  injurious  that  lurks  near  it ;  but  by 
fufpending  the  Eye,  they  alfo  render  it  very 
eafily  fufceptible  of  the  Motions  of  the  four 
ftrait  Mufcles.  But  we  here  likewife  particu¬ 
larly  meet  with  a  Quantity  of  foft  Fat,  placed 
under  the  convex  Part  of  the  Sclerotica,  and 
betwixt  the  Foramen  of  the  bony  Orbit,  placed 
there  for  tranfmitting  the  optic  Nerve,  and  to 
thruft  out  the  Mufcles  from  the  Bulb  of  the 
Eye,  and  to  a  confiderable  Diftance  from  the 
optic  Nerve. 
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*  In  order  to  Vifion  it  was  neceffary  either  for 
the  Eyes  to  be  moveable,  or  elfe  the  Head  mud 
have  been  moved  perpetually  in  looking  about. 
Nature  has  ufed  a  threefold  Mechanifm  in  the 
Eyes ;  making  them  in  fome  Animals  moveable, 
and  in  others  fixed,  but  affifted  by  other  means. 
There  are  fome  Animals  which  have  their  Eyes 
turning  round  as  it  were  in  the  Extremities  of 
their  Shoulders  or  Arms,  of  which  Kind  is  the 
Zygaena  a  frightful  Animal  of  the  Dog- kind, 
which  from  its  terrible  Afpedt  is  ufually  called 
Meertefel,  in  which  Creature  the  Eyes  are  not 
placed  in  the  Head,  but  in  the  moveable  Shoulders 
near  the  Head ;  and  in  hunting  its  Prey,  thefe 
Eyes  are  elevated  out  of  the  Sea,  and  directed 
every  way.  Thus  alfo  Snails  have  their  Eyes 
placed  as  it  were  upon  their  Horns  as  upon  mo¬ 
veable  Sticks.  2.  There  are  other  Animals  again 
which  have  their  Eyes  fixed  and  immoveable,  and 
in  thefe  the  Eyes  are  very  numerous.  Of  this 
Nature  are  Spiders,  a  very  watchful  Kind  of  In- 
fed:,  in  whole  Head  or  Back  there  are  eight  or 
ten  immoveable  Eyes.  3.  There  are  others  which 
have  the  Eyes  fixed  in  a  certain  Part,  but  fo  as  to 
be  moveable  by  Mufcles,  as  we  obferve  in  moft 
Kinds  of  Animals,  and  in  ourfelves.  But  among 
this  laft  Clafs  of  Animals,  fome  are  capable  of 
thrufting  the  Eye  out  of  the  Orbit,  and  others  are 
not  at  all  capable  of  that  Adfion.  Among  the  firft 
Clafs  are  all  the  horned  Tribe  of  Animals  5  and 
among  the  latter  are  included  the  human  Species. 
The  horned  Tribe  of  Animals  have  feven  Mufcles 
belonging  to  the  Eye,  which  occafioned  Vefalius , 
being  deftitute  of  human  Bodies,  to  reckon  a  fe- 
venth  Pair  of  Mufcles  belonging  to  the  human 
Eyes,  which  can  be  only  found  in  Brutes.  But 
we- are  here  fpeaking  only  of  the  external  Mufcles 
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of  the  Eye,  having  before  confidered  the  internal 
Mufcles  which  dilate  the  Pupil,  and  contradb  the 
fame,  feated  before  in  the  Iris,  and  behind  in  the 
Uvea,  as  a  Sphintfter  to  the  Pupil,  to  which  add 
thofe  which  move  the  cryftalline  Lens,  namely, 
the  ciliary  Ducts  or  Ligaments. 

^  They  are  flefhy  in  the  back  Part,  but  become 
tendinous  forward  under  the  Tunica  Adnata,  where 
they  are  expanded  like  Radii  almoft  as  far  as  the 
Cornea ;  that  they  are  extremely  moveable  may 
appear,  inafmuch  as  they  have  Nerves  from  almoft 
half  of  all  the  Pairs  ;  for  the  fecond  Pair  of  Nerves 
ferves  for  the  Senfe  of  the  Eye,  but  the  third, 
fourth,  fifth  and  fixth  Pair  fend  Nerves  for  the 
Motion  of  the  Eyes. 

3  The  Mufculus  Superbus  elevates  the  Eye,  the 
Humilis  depreftes  it,  the  Indignatorius  draws  it 
from  the  Nofe,  and  the  Bibitorius  draws  it  to  the 
Nofe ;  which  Mufcles  continually  operate,  and 
keep  the  Eye  in  a  Plane  parallel  to  the  Nofe, 
unlefs  there  is  fome  Blinking  or  Defedl  in  the  Eye. 

4  When  all  thefe  Mufcles  a£t  together  with  an 
equable  Force,  they  draw  the  Eye  into  the  Orbit ; 
but  as  they  all  belong  to  the  Sclerotica,  and  do 
not  extend  to  the  Cornea,  it  follows,  that  this  laft 
will  remain  unmoved,  while  the  reft  of  the  Globe 
of  the  Eye  is  drawn  inward  ;  and  by  that  means 
the  whole  Eye  will  be  in  fome  meafure  elongated, 
to  render  it  capable  of  feeing  Objefts  which  are 
very  near  to  it.  Perrault  indeed  wonders  h$w 
four  Mufcles  placed  round  a  Sphere  diftended  with 
Liquor,  can  prefs  it  fo  as  to  change  its  Figure  and 
render  it  longer.  It  muft  be  confelfed  indeed  that 
this  Change  is  but  fmall,  but  yet  the  Cornea  feems 
to  be  changed  into  an  Arch  of  a  lefier  Sphere,  ac¬ 
commodating  itfelf  fo  to  the  Eye,  as  to  give  a 
greater  Refra&ion  to  the  Rays. 
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5  The  Obliquus  fuperior  or  Trochlearis  Mufcle, 
arifing  from  the  Bottom  and  internal  Surface  of 
the  Orbit,  near  the  Origin  of  the  Superbus, 
afeends  over  that  laft  Mufcle,  and  inclines  towards 
the  Nofe  and  lateral  Part  of  the  Orbit,  ( but  not 
towards  the  Middle  of  the  Side  of  the  Orbit  like 
the  Redd  Mufcles)  where  there  is  a  fmali  Notch 
perceptible  in  the  Margin  of  the  Orbit,  and  paf- 
fing  through  a  cartilaginous  Ring,  it  is  from 
thence  refieded  obliquely  backward  into  the  Or¬ 
bit,  and  inferted  in  the  Middle  of  the  upper  Part 
of  the  Globe  of  the  Eye,  betwixt  the  Entrance  of 
the  optic  Nerve  and  the  Mufculus  atollens.  When 
this  Mufcle  ads  alone,  it  draws  the  middle  and 
upper  Part  of  the  Globe  of  the  Eye  forward  out 
of  the  Orbit,  and  upward  towards  the  Nofe,  and 
at  the  fame  time  it  turns  round  the  Eye  about  its 
own  Axis ;  fo  that  it  feems  to  change  the  extreme 
Point  of  the  Axis  of  Vifion,  and  turn  it  towards 
the  Nofe.  Its  Addon  is  therefore,  1.  To  draw 
the  Eye  out  of  the  Orbit  towards  the  Nofe.  2.  To 
turn  the  fame  round  about  its  Axis.  To  this 
Mufcle  is  fent  the  whole  fourth  Pair  of  Nerves. 
There  was  a  certain  epileptic  Patient,  who  always 
faw  Objeds  double,  becaufe  this  Mufcle  was  para¬ 
lytic,  and  overcome  by  the  ftronger  Power  of  the 
abducent  Mufcle. 

6  The  lower  oblique  Mufcle  is  lefs  than  the  for¬ 
mer,  but  broader.  It  arifes  from  the  outer  and 
lowlr  Part  of  the  Orbit,  or  from  the  internal  An¬ 
gle  at'  the  Bottom  of  the  Orbit,  where  the  upper 
Jaw-bone  joins  with  the  Side  of  the  Orbit,  arifing 
flelhy  from  a  Cavity  there  of  its  own,  perceptible 
by  the  Finger  in  a  dry  Skull  -,  and  then  entering 
the  Orbit,  it  proceeds  obliquely  to  the  middle  and 
bottom  Part  of  the  Globe,  and  is  inferted  betwixt 
the  abducent  Mufcle  and  the  optic  Nerve.  It 
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draws  the  Eye  towards  the  pofierior  and  lower 
Part  of  the  Orbit  outwards,  and  turns  the  Pupil 
upwards  and  towards  the  Nofe  ;  that  is  to  fay,  it 
turns  the  Eye  round  upon  its  own  Axis,  and  at  the 
fame  time  draws  it  out  of  the  Orbit  towards  the 
Nofe,  fo  as  to  render  it  capable  of  feeing  the  Eye¬ 
brow  above  the  Nofe.  And  this  is  the  proper  Ufe 
of  this  Mufcle  when  it  ads  alone. 

7  When  both  thefe  Mufcles  ad  together,  the 
one  of  them  draws  the  Eye  out  of  the  Orbit  down¬ 
ward,  and  the  other  upward  *,  by  which  means 
thefe  Mufcles  deflroy  the  Action  of  each  other,  as 
far  as  they  are  Rotators  of  the  Eye,  by  their  ad- 
ing  in  a  contrary  Direction  ;  at  which  time  they 
exert  all  their  Force  in  drawing  the  Eye  outwards, 
fo  as  to  render  it  protuberant :  by  this  means 
therefore  they  render  the  Face  fierce,  terrible  and 
cruel,  which  Painters  well  know,  as  they  exprefs 
thefe  PafTions  of  the  Mind  by  fuch  a  turgid  Por¬ 
tion  of  the  Eyes  *,  and  which  we  ourfelves  conftant- 
ly  perceive  in  People  who  are  in  a  Rage  with  An¬ 
ger,  and  eager  after  Revenge.  2.  Alfo  when 
thefe  Mufcles  ad:  together,  they  draw  the  whole 
Eye  towards  the  Nofe,  that  it  may  be  better  able 
to  diflinguifh  Objeds.  This  Action  is  alfo  obfer- 
vable  in  thole  who  are  fighting  or  thriving  for  their 
Lives,  as  in  Duelling,  when  each  is  very  intent 
upon  the  Motions  of  his  Antagonifl.  But  when 
the  redi  Mufcles  of  the  Eye  ad  together,  we  do 
not. fee  near  Objeds.  3.  De  la  Hire  well  obferves, 
that  the  Eye  of  a  Perfon  or  other  Animal  in  a  great 
Fright  is  fixed  protuberant  out  of  the  Orbit,  fo 
that  the  Eye  may  be  eafily  determined  towards  any 
Part  which  is  intended  to  be  obferved  by  the  Adion 
of  any  of  the  redi  Mufcles.  The  ancient  Statua¬ 
ries  very  well  expreiTed  this  Adion  in  their  Figures 
of  Lycaon .  This  Adion  of  the  oblique  Mufcles  is 
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fo  manifed  from  their  anatomical  Structure,  that 
one  would  wonder  how  fome  Gentlemen  of  Note 
can  in  the  lead  doubt  it.—— In  the  human  Species, 
the  Adtion  of  thefe  Mufcles  is  fufficient ;  but  in 
the  horned  Tribe  of  Animals  which  feed  from  the 
Ground,  the  whole  Bulb  of  the  Eye  is  in  a  manner 
contained  in  a  mufcular  Cafe  or  Shell,  which  makes 
the  feventh  Mufcle  of  the  Eye  ;  by  the  Contraction 
of  which,  the  Eye  is  thruft  foward  out  of  the  Or¬ 
bit.  And  this  Action  of  the  Eye  we  obferve  in 
the  Ox,  when  he  is  enraged  and  threatens  an  At¬ 
tack,  while  his  Head  is  deprefied  and  his  Tongue 
licks  the  Ground  ;  for  he  then  thrufls  out  his  Eyes 
almoft  a  Finger’s  Breadth  out  of  his  Head,  and 
continually  taking  Aim,  ftrikes  and  levels  his  Ene¬ 
my  with  a  greater  Certainty  by  his  Horns.  In 
Spain  there  are  frequently  Bulls  fought  with  Men, 
who  having  received  their  Pardon  enter  the  Ring, 
and  approach  towards  the  enraged  Bull :  and  here 
the  Champion  places  all  his  Safety  in  obferving  the 
Eyes  of  the  Bead  ,  for  as  foon  as  he  perceives 
them  begin  to  protuberate,  he  leaps  on  one  Side, 
and  drikes  his  Dagger  betwixt  the  Horns  of  the 
Bull,  who  by  that  means  falls  a  Vidtim.  This 
fame  Mufcle  fixes  the  Eye  deady  in  Brutes,  that 
they  can  look  longer  upon  the  fame  Gbjedf.  Vefa- 
lius  has  falfely  defcribed  this  Mufcle,  as  if  it  be¬ 
longed  to  the  human  Eiye  *,  and,  what  is  worfe,  he 
endeavours  to  defend  it  againd  Fallopius.  Ladly, 
In  Birds  whofe  Eyes  are  placed  in  their  Head  late¬ 
rally,  and  who  fear ce  at  all  look  diredily  down¬ 
wards  towards  their  Beak,  there  is  a  like  mufcular 
Cafe,  which  thruds  out  the  Eye  that  it  might  look 
diredtly  downward  towards  the  Beak,  fo  astodif- 
cern  their  Food  or  Prey.  But  this  in  Man  is  per¬ 
formed  by  a  flight  Motion  of  the  Head.  Other- 
wife  the  Eyes  of  Birds  are  fixed,  and  cannot  turn 
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every  way  ;  whence  they  are  obliged  to  be  conti¬ 
nually  turning  their  Head  about  towards  theObjedl 
at  which  they  look,  or  towards  their  Prey,  after 
which  they  are  in  fearch.  In  the  Facies  hippocra- 
tica,  the  Fat  being  all  confumed  in  the  Orbit,  the 
Eyes  are  funk  and  rigid,  infomuch  that  the  Pati¬ 
ent  is  obliged  to  turn  his  whole  Body  towards  any 
Side  or  Objedt  at  which  he  looks. 

§.  531.  But  in  order  to  determine  the 
Manner  and  Seat  of  Vifion,  it  will  be  necef- 
fary  for  us  to  add  to  this  Structure  of  the  Eye, 
(§•  5°8  to  53  !•)  what  is  demonftrated  to  us 
in  this  refpedt  by  the  Principles  of  Optics 
Dioptrics  2,  and  Catoptrics  3 ;  a  Compendium 
of  which  we  are  therefore  to  introduce  here, 
chiefly  from  Sir  IJaac  Newton  4,  whofe  deep 
Penetration  in  mathematical  and  philofophical 
Matters,  feems  to  have  exceeded  the  utmoft 
Limits  of  human  Underftanding. 

1  Optics  is  that  Part  of  experimental  and  mathe¬ 
matical  Philofophy,  which  teach  us  the  Laws  by 
which  the  Rays  of  Light  fpread  from  a  radiant 
Point,  or  are  refiedted  back  from  an  opake  Point, 
or  elfe  pafs  through  an  homogeneous  Medium. 
It  may  be  termed  the  Dodlrine  of  Vifion  in  its 
greatest  Extent.  But  by  mathematical  or  experi¬ 
mental  Philofophy  we  underftand,  that  which  leads 
us  to  the  Knowledge  of  Bodies  by  Experiments. 

a  Dioptrics  is  that  Branch  of  the  Science  of  the 
Vifion,  which  teaches  the  Laws  by  which  the 
Rays  of  Light  pafs  through  pellucid  Mediums  of 
different  Denfities,  and  are  changed  in  their  Courfe 
by  thole  Mediums.  It  is  fo  called  from  Dioptron, 
a  Hole  to  look  through. 
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3  Catoptrics  is  that  Part  of  the  Science  of  Vifion, 
which  teaches  us  the  Laws  by  which  the  Rays  ex¬ 
plained  by  Optics  fall  upon  an  opake  Body,  and 
are  from  thence  reflected  fo  as  to  form  the  Image 
of  the  Objeft.  It  is  fo  called  from  Catoptron,  a 
Looking-glafs. 

4  Before  Sir  Ifaac  Newton ,  all  the  Writers  of 
Optics  were  in  an  Error *,  and  although  Authors 
pronounced  that  Colours  were  inherent  in  Bodies, 
yet  none  fufficiently  explained  the  thing :  but  Sir 
Ifaac  Newton  firll  Hepped  out  of  the  common 
Road,  and  confidered  Light  in  itfelf,  and  Colours 
as  contained  in  Light,  with  their  feveral  Compo- 
fitions  and  Divifions ;  all  which  he  has  comprifed 
in  that  for  ever  to  be  efteemed  Volume,  his  Optics . 

§.  532.  Light  1  being  an  aggregate  2  or 
Mixture  of  all  Colours,  every  way  3  diffufes  its 
Rays  4,  which  are  extremely  Jiibtle  5,  but  yet 
are  compounded  6  of  all  Sorts  of  Colours ;  hence 
therefore  Light  is  divifible  into  feveral  Ample 
Colours,  which  being  collected  together  or  fe- 
parately,  make  various  other  Colours,  but  be¬ 
ing  all  combined  together  form  a  mold  fplen- 
did  Light  or  Brightnefs  like  that  of  the  Sun  : 
and  thefe  Rays  come  from  a  lucid  Point  as 
from  a  Center,  and  fpread  from  thence  in 
right  Lines  through  an  uniform  Medium  to¬ 
wards  every  Point,  palling  through  pellucid 
Bodies  at  the  fame  time,  and  all  in  an  infen- 
fible  Space  7  of  time ;  but  they  ftrike  againft 
and  are  reflected  from  opake  Bodies,  fo  as  to 
return  from  ever}?-  Point  towards  the  Cornea 
of  the  Eye  in  the  Shape  of  a  Cone,  whofe 
Apex  is  the  lucid  Point,  and  its  Balls  the  Cor- 
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nea  itfelf,  provided  there  is  no  Obftacle  inter- 
pofed  betwixt  the  lucid  or  radiant  Point  and 
the  Cornea. 

1  Light  is  an  Affemblage  of  fmall  Particles 
emitted  to  the  Eye  from  lucid  Bodies,  by  which 
we  are  enabled  to  fee  them  and  other  things.  If 
the  Sun  only  was  abfent,  and  all  the  other  Bodies 
in  the  Univerfe  were  to  remain  the  fame,  the  Eye 
however  well  formed,  would  not  be  capable  of 
difcerning  any  thing.  Light  we  therefore  call  that 
Body  fo  little  known  to  us,  which  enables  us  to 
fee,  being  the  fame  with  regard  to  us,  wThether  it 
comes  from  the  Sun,  the  Moon,  a  Candle,  Fire, 
or  the  like. 

1  A  Colour  is  fomething  feen  by  Light,  for  we 
can  fee  nothing  which  has  not  fome  Colour.  Vifion 
is  therefore  Light,  and  Colours  are  the  Species  or 
Kinds  of  Light.  Euclid ,  the  Prince  of  thofe  Phi- 
lofophers  who  fearch  after  true  and  diflindl  Noti¬ 
ons  of  Things,  well  defines  a  Surface  to  be  the 
apparent  Face  or  Limits  different  from  the  thing 
itfelf ;  fo  that  we  fee  nothing  of  the  real  Object. 
Colour  is  therefore  the  Image  of  the  thing  feen, 
and  Light  an  aggregate  of  all  that  is  vifible  in  the 
Univerfe. 

3  If  all  the  Walls  and  Roof  of  a  dark  Place  are 
filled  with  Eyes  capable  of  feeing,  and  then  a 
Light  is  placed  in  the  Middle  of  the  Chamber, 
all  thofe  Eyes  will  fee  the  Light,  and  at  one  and 
the  fame  time.  Therefore  the  thing  which  is  feen 
fpreads  itfelf  every  way  upon  the  ambient  Surface 
of  the  Objedl.  Let  there  be  a  very  fmall  red  Sphe¬ 
rule  in  a  Chamber,  every  one  prefent  will  fee  the 
fame  Sphere,  and  yet  no  one  will  fee  the  fame  Rays 
which  the  other  fees,  but  each  will  receive  a  diffe¬ 
rent 
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rent  Portion  of  the  Sphere  of  Rays  which  are  fent 
towards  him.  Hence  therefore  the  vifible  Rays  or 
Images  of  Objects  are  fpread  from  them  equally 
on  all  Sides. 

4  By  the  Name  of  Rays  we  term  thofe  Images 
of  Objects  which  are  infinitely  diviflble. 

5  Let  there  be  a  Place  extremely  dark,  in  the 
Wall  of  which  fix  a  thin  Plate  of  Gold,  perforated 
by  the  Point  of  the  final  left  Needle  •,  and  to  this 
Aperture  within-fide,  let  the  Eye  be  applied  in 
its  healthy  State,  it  will  in  that  Cafe  fee  as  di- 
ftindtly  the  Trees,  Houfes,  and  other  Objects,  as 
if  it  was  placed  in  the  open  Air  :  and  therefore  all 
the  vifible  Points  from  lo  many  and  fo  different 
Objects,  pafs  through  fo  fmall  an  Aperture. 
Hence  therefore  the  Rays  of  Light  exceed  in 
Subtlety  even  the  Power  of  Imagination  itfelf. 

6  All  Philofophers  have  allowed  what  has  been 
hitherto  faid  concerning  Light.  But  we  now 
come  to  thofe  Properties  which  have  been  difco- 
vered  in  Light  by  Sir  Ifaac  Newton  *,  namely, 
that  Light  is  not  a  fimilar  Body,  as  was  common¬ 
ly  fuppofed  ;  but  that  each  Ray  of  Light  is  com- 
pofed  of  feven  other  Rays,  which  joined  together 
form  a  fplendid  or  fhining  Point  or  Spot,  a  thou- 
fand  times  brighter  than  Whitenefs,  fuch  as  arifes, 
for  Example,  from  the  Deflagration  of  Nitre 
with  Sulphur.  But  when  fuch  an  entire  Ray  of 
Light  is  fplit,  it  feparates  into  feven  diftindt  Rays  ; 
one  of  which  is  Red,  the  other  Orange-coloured, 
the  fourth  Yellow,  the  fifth  Green,  the  fixth  Blue, 
and  the  feventh  Violet  *,  namely,  the  feven  primi¬ 
tive  Colours :  all  which  were  prefent  in  the  Angle 
Ray  of  Light,  but  by  falling  upon  different  Ob- 
jedls  are  feparated  from  each  other,  and  produce 
different  Colours.  But  from  the  Combination  of 
thefe  primitive  Colours  arife  an  infinite  Number 
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of  mixed  Colours,  according  as  the  firft  is  combi¬ 
ned  with  the  fecond,  third  or  fourth,  or  the  fe- 
cond  with  the  third,  fourth  or  fifth,  &V.  From 
thefe  feven  diftinfr  Rays  therefore  many  thoufands 
of  Colours  may  arife  barely  by  combining  them  in 
all  manner  of  Rays.  Thefe  fun  pie  Rays,  as  they 
are  fuppofed  to  be,  may  be  yet  fimple  only  as  to 
Senfe,  and  in  reality  compounded  of  other  more 
iubtle  Rays,  from  whence  again  may  properly 
arife  an  infinite  Diverfity  of  Colours. 

7  When  the  Rays  of  Light  pals  through  a  Me¬ 
dium  perfectly  tranfparent,  and  without  any  Re- 
fiftance,  they  pafs  on  abfolutely  in  a  right  Line, 
infomuch  that  the  Redlitude  of  every  thing  is 
judged  of  by  the  Line  of  Sight.  But  in  the  At- 
mofphere  the  Rays  of  Light  do  not  pafs  on  in  a 
right  Line,  as  they  proceed  through  a  rarer  Me¬ 
dium  above  to  a  more  denfe  Medium  below, 
-whence  it  is  that  the  Rays  of  Light  are  varioufiy 
infle&ed  in  the  Air.  Yet  we  call  them  (trait  Rays 
which  enter  the  Eye  in  a  right  Line  from  the  Objedt, 
whence  they  were  laft  reflected.  Through  the 
fame  uniform  Medium,  thefe  Rays  pafs  through 
an  infinite  Space  in  the  fmallefl  Interval  of  Time. 
For  what  is  objected  by  the  celebrated  Danus 
againlt  the  immediate  Continuity  of  Light  from 
the  Satellites  of  Jupiter ,  is  fince  found  to  be 
without  Foundation  by  the  later  Experiments  of 
Cajfini  the  younger.  But  we  are  convinced  of  it 
by  a  more  fimple  way  of  reafoning,  for  we  imme¬ 
diately  perceive  the  Stars  as  foon  as  we  open  our 
Eyes,  notwithftanding  they  are  fo  many  thoufand 
Semidiameters  of  the  Earth  diftant  from  us.  It  is 
an  afionifhing  Argument  of  the  Divine  Wifdom, 
that  we  fhould  thus  be  made  capable  of  perceiving 
the  Stars,  though  feparated  from  us  by  fuch  an 
immenfe  Diftance.  But  with  refpect  to  hearing 
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the  Laws  are  very  different  *,  for  no  Creature  would 
be  capable  of  any  Reft  or  Silence,  if  Sounds  were 
not  required  to  pafs  through  a  determinate  Space 
to  us,  in  order  to  be  heard.  Nor  is  it  fufficient 
to  turn  the  Head  afide,  in  order  to  exclude  Sounds  5 
nor  can  we  fo  eafily  clofe  our  Ears  as  our  Eyes, 
which  are  fo  contrived,  that  we  can  admit  more  or 
lefs  Light  at  pleafure. 

§.  533.  The  fame  Rays  of  Light  approach¬ 
ing  near  to  more  denfe  Bodies,  are  incurvated 1 
or  turned  out  of  their  dired  Courfe,  fome 
more  and  others  lefs ;  and  thus  they  are  Sepa¬ 
rated  2  from  each  other,  refleded  back  to  the 
Eye,  and  give  the  Senfe  of  different  Colours 
which  are  falfely  afcribed  to  the  refleding  or 
refrading  Bodies,  any  farther  than  as  the  Sur¬ 
faces  of  thofe  Bodies  feparate  the  different  co¬ 
loured  Rays  from  each  other.  This  Reflexion  3 
is  therefore  various,  according  to  the  Variety 
of  Colours  in  the  Rays  of  Light  itfelf ;  but 
yet  in  their  Reflexion  the  Rays  return  in  the 
fame  refleded  Angle  as  that  of  their  Incidence, 
with  regard  to  a  Perpendicular  ereded  at  their 
incident  Point,  nor  is  there  any  other  Altera¬ 
tion  here  perceived. 

1  When  the  Rays  of  Light  pafs  from  a  rarer 
Medium  to  a  more  denfe  Body,  they  are  attraded 
by  that  Body  by  the  great  Providence  or  universal 
Law  of  Nature  •,  for  without  this  Property  of 
Light  we  fhould  be  capable  of  feeing  nothing  but 
lucid  Bodies.  But  the  Rays  are  attraded  moft, 
when  they  are  neareft  to  the  virtual  Surface  of  the 
Body  itfelf.  If  the  Rays  of  the  Sun  were  attrad- 
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ed  by  the  Earth,  as  foon  as  ever  they  were  fent 
out  from  the  Sun,  there  would  arife  an  incorrigi¬ 
ble  Confufion  in  our  Atmofphere,  nor  would  there 
be  any  fuch  thing  as  a  right  Line.  This  Attra¬ 
ction  we  know  is  performed,  1.  Towards  all  den- 
fer  Bodies,  to  which  the  incident  Rays  are  more  or 
lefs  incurvated.  2.  Towards  every  inflammable 
Body.  3.  Towards  certain  diaphanous  Bodies, 
fuch  as  Ifland  Cry  dal. 

1  In  reality  we  neither  fee  the  Body  nor  its  Sur¬ 
face,  only  the  Rays  which  return  from  the  Body  : 
but  the  different  Surfaces  of  Bodies  occafion  one 
kind  of  Rays  to  be  reflected  more  than  another  •, 
and  thus  fcarlet  Cloth  bears  that  Name,  becaufe  it 
reflects  only  the  red  Rays,  while  the  other  fix 
Kinds  of  Rays  are  abforbed.  Light  itfelf  cannot 
therefore  produce  the  Diverfity  of  Colours,  fince 
it  is  mod  equally  diflributed  to  all  Bodies. 

3  Let  a  Perpendicular  be  raifed  upon  the  plain 
Surface  upon  which  the  Ray  falls,  and  let  the  Ray 
fall  upon  the  Surface  in  an  oblique  Line,  that 
Line  with  the  Perpendicular  will  form  an  Angle  : 
in  the  next  place,  let  the  Ray  be  reflected  back  ; 
in  that  Cafe  the  Angle  of  Reflexion  intercepted 
betwixt  the  oblique  and  perpendicular  Line,  will 
be  equal  to  the  Angle  of  Incidence.  But  when  a 
Ray  falling  upon  any  Body  is  reflected  back  from 
thence  to  our  Eyes,  it  feems  to  the  Mind  as  if  it 
came  from  a  Point  as  remote  as  the  Body  from 
whence  it  was  firft  emitted.  I  have  frequently  ta¬ 
ken  fome  Pains  to  explain  this  Appearance.  Let 
there  be  a  plain  Speculum  feated  at  the  Didance  of 
ten  Feet,  the  coloured  Image  of  the  ObjeCt  will 
fall  upon  the  Surface  of  the  Glafs,  without  palling 
through  *,  becaufe  behind  the  pellucid  Glafs  there 
is  an  opake  Lamen  or  Leaf  of  Mercury,  which 
refteCis  the  Image  to  the  Eye  ;  in  that  Cafe  the 
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Mind  judging  in  its  ufual  manner  concerning  the 
Diflances  of  Bodies,  will  fee  the  Image  as  if  it  was 
at  the  Diflance  of  twenty  Feet,  with  the  fame 
Senfe  of  Space  or  Diflance,  as  if  the  Image  had 
paded  on  through  the  Glafs  to  the  Diflance  of  ten 
Feet  behind  in  a  right  Line.  If  you  fee  the  Image 
of  a  Tower  in  a  Speculum  a  Mile  diflant,  it  will 
appear  in  the  Glafs  as  if  it  was  a  Mile  behind  the 
fame.  It  is  therefore  a  con  flan  t  Law,  that  we  fee 
coloured  ObjeCts  reprefented  as  if  their  Diflance 
was  continued  in  a  right  Line. 

§.  534.  But  if  thefe  Rays  pafs  out  of  one 
Medium  1  into  another,  they  are  incurvated  at 
their  Approach  near  to  the  latter,  and  then 
they  continue  on  in  a  ftrait  Line  through  the 
fame  Medium :  and  thus  are  the  Rays  incur¬ 
vated  more  towards  the  Perpendicular,  in  pro¬ 
portion  as  the  latter  Medium  or  Body  is  more 
denfe,  and  the  more  do  they  diverge  or  recede 
from  the  Perpendicular  in  proportion  as  the 
Medium  or  Body  is  more  rare ;  excepting  that 
Difference  which  arifes  from  a  particular  and 
latent  Caufe  in  fome  certain  Fluids,  no  other- 
wife  difcoverable  than  by  Experiments.  This 
Incurvation  of  the  Rays,  either  to  or  from  the 
Perpendicular,  is  called  their  Refradtion. 

1  So  long  as  the  Rays  pafs  through  an  uniform 
pellucid  Medium,  they  receive  no  Alteration  in 
their  Courfe,  nor  is  there  any  Caufe  to  change  their 
Direction.  They  would  therefore  go  on  ad  infi¬ 
nitum ,  in  the  fame  Line  of  Direction,  as  they 
came  in  from  the  radiant  or  reflecting  Point:  but 
when  the  Medium  which  it  enters  is  more  denfe, 
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the  Ray  is  then  drawn  more  towards  the  Perpen¬ 
dicular,  than  in  a  rarer  Medium  *,  and  this  more 
in  proportion  as  the  fecond  Medium  is  more  denfe 
than  the  firft.  Thus  if  a  Piece  of  Money  is  pla¬ 
ced  in  the  Bottom  of  a  Drinking-pot,  in  fuch  a 
Manner  that  the  Margin  of  the  Pot  juft  conceals 
the  Money  \  if  then  the  Pot  or  Mug  is  filled  with 
Water,  the  Money  will  by  that  means  appear  vi- 
fible  to  the  Eye,  though  held  (till  in  the  fame 
Place,  and  feem  as  if  it  was  raifed  by  the  Water. 
For  in  this  Cafe  by  pouring  in  the  Water,  the 
Rays  diverging  from  the  Money,  are  collected 
more  together  towards  the  Perpendicular  or  Point, 
which  Geometricians  eafily  determine,  and  call 
the  Focus ;  but  this  is  found  from  the  Nature  of 
the  given  Curve,  in  which  the  Ray  falls ;  for  by 
that  means  the  Denfity  of  both  Mediums  may  be 
known. 

§.  535.  But  this  RefraCtion  of  the  Rays  as 
to  Senie,  is  conftantly  performed  agreeable  to 
the  following  Rule  :  namely,  if  the  fame  Ray 
falls  into  the  fame  tranfparent  Medium,  at 
different  Angles  of  Incidence;  then  the  Sines 
of  the  Angles  of  Refraction  will  be  to  each 
other,  as  the  Sines  of  the  Angles  of  Incidence. 

§.  536.  Hence  therefore  the  Rays  coming 
from  the  radiant  or  reflecting  Point 1  to  the 
pellucid  Cornea  2,  are  there  refracted  3  towards 
the  Perpendicular,  almoft  in  the  fame  Man¬ 
ner  as  if  they  entered  into  Water  4 ;  and  thus 
they  go  on  through  the  aqueous  Humour,  by 
which  means  they  are  determined  5  to  pafs  thro' 
the  Foramen  of  the  Pupil 6,  fo  as  to  fall  upon 
the  Surface  of  the  cryftalline  Lens  7  j  but  thofe 

Ravs 


§•53^*  0/*  'the  Sight.  125 

Rays  which  entered  the  Cornea  fo  obliquely  8, 
as  to  fall  upon  the  Iris,  are  reflected  back  again 
out  of  the  Eye,  left  being  reflected  and  enter¬ 
ing  the  Eye,  they  fhould  caufe  undiftindt  Vi- 
fion  :  and  even  the  other  Rays  which  by  their 
Obliquity  fall  betwixt  the  Uvea  and  vitreous 
Body  9,  upon  the  Surface  of  the  ciliary  Dudts 
or  lower  Part  of  the  Uvea,  are  then  fuffoca- 
ted  in  the  black  Pigment  which  is  there  feat- 
ed,  in  the  fame  manner  as  if  they  had  never 
entered  3  and  thus  no  other  Rays  can  pafs 
through  the  vitreous  Humour,  but  what  have 
firft  entered  through  the  Pupil,  and  fallen 
upon  the  Surface  of  the  cryftalline  Lens.  In 
the  mean  time  the  Iris  being  contracted10  or 
dilated,  admits  more  or  fewer  Rays,  as  the 
Objedt  is  more  vivid  or  illuminated,  and  near¬ 
er  to  the  Eye,  or  more  languid  and  remote, 
with  this  Difference,  that  the  more  luminous 
and  the  nearer  the  Objedt,  the  fmaller  the  Pu¬ 
pil,  and  the  reverfe 3  and  thus  is  formed  the 
Machine  of  the  Eye  defcribed  (§.  520.),  which 
defends  the  tender  Retina  from  being  injured, 
dried  up  or  burnt  by  the  Rays  of  Light. 

1  This  Point  is  a  lucid  Spot,  which  is  as  a  Cen¬ 
ter  to  the  Rays,  which  are  difperfed  from  thence 
into  a  Sphere  of  an  infinite  Diameter.  When 
thefe  Rays  of  Light  fall  obliquely  upon  an  opake 
Body,  they  are  reflected  back  in  an  Angle,  equal 
to  that  in  which  they  fell  upon  the  refledting  Bo¬ 
dy.  If  they  fall  in  a  right  Line,  they  will  turn 
again  in  the  fame  diredt  Courfe  ♦,  or  if  they  make 
an  Angle  with  the  Surface  of  the  refledting  Body, 

they 
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they  will  return  from  it  in  a  like  Angle.  That 
Point  of  the  Body  upon  which  the  Rays  fell,  and 
from  whence  they  return,  is  called  the  reflecting 
Point,  and  has  the  fame  Properties  or  Affections 
with  the  radiant  Point.  For  Example,  let  the 
Sun  be  the  radiant  Point,  then  the  Surface  of  a 
Speculum  or  Mirror,  upon  which  the  Image  falls 
is  the  reflecting  Point.  For  the  reft,  this  whole 
Matter  feems  to  have  been  treated  in  the  beft  Man¬ 
ner  by  the  celebrated  Huygens ,  in  his  ever  to  be 
efteemed  Book  of  Dioptrics ,  as  alfo  by  Barrow ,  in 
his  Cantabrigian  LeCtures. 

a  The  Cornea  is  extremely  pellucid,  upon  the 
Surface  of  which  the  diverging  Rays  fall  from  the 
radiant  or  reflecting  Point,  as  many  of  them  as 
can  be  contained  in  a  Cone,  whofe  Bafis  is  the 
Cornea,  and  Apex  the  radiant  Body.  This  follows 
from  the  equable  Motion,  with  which  Light  in 
general  is  difperfed  by  Rays  from  the  lucid  Cen¬ 
ter,  every  way  in  a  Sphere. 

3  But  when  thefe  Rays  have  reached  the  Cor¬ 
nea,  they  begin  to  be  ftrongly  attracted  towards 
the  Center  of  the  more  denfe  Medium,  by  which 
means  they  converge  or  run  towards  each  other. 

4  The  Cornea  has  near  the  fame  Denfity  with 
Water,  and  therefore  it  refraCts,  or  caufes  the 
Rays  pafiing  out  of  the  Air  to  approach  each 
other  in  the  fame  manner  as  if  they  entered  Wa¬ 
ter. 

*  The  Rays  of  Light  which  pafs  in  a  right  Line 
through  the  Middle  of  the  Cornea,  go  on  in  the 
fame  right  Line  to  the  Bottom  of  the  Eye.  The 
other  Rays  converge,  and  though  they  diverge  in 
the  Air,  yet  after  palling  through  the  Cornea, 
they  are  drawn  towards  the  Center,  in  proportion 
as  the  Cornea  is  more  denfe  than  the  Air.  But 
the  Figure  of  the  Cornea  is  fpherical,  or  rather 
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inclining  to  a  Sphere,  from  which  it  deviates  in 
fome  meafure,  being  a  Segment  of  a  lefs  Sphere 
than  that  of  the  Sclerotica  ;  for  the  Figure  of  it 
depends  upon  the  Humour  extending  the  Cornea, 
as  a  flexible  and  elaftic  Plane.  But  this  Expanfion 
by  the  Humour  is  not  perfectly  equable,  fince  the 
aqueous  and  vitreous  Humours  gravitate  more 
downward  than  forward,  almoft  in  all  Pofitions  of 
the  Eye  ;  whence  the  Cornea  becomes  flatter  than 
it  ought  to  be.  Other  expert  Opticians  pronounce 
the  Cornea  to  be  of  an  hyperbolical  Figure  ;  but 
it  would  be  very  difficult  for  them  to  demonftrate 
that  Figure  which  they  feem  to  have  invented  in 
their  own  Imaginations :  but  it  will  be  bell:  for  us 
to  admit  the  Cornea  to  have  almoft  the  fame  Pro¬ 
perties  with  the  Sphere,  and  therefore  to  place  the 
Focus  of  the  Cornea  behind,  at  the  Diftance  of  a 
Semidiameter  behind  the  greateft  Convexity  of  the 
Cornea.  The  aqueous  Humour  does  not  alter  the 
Refraction,  fince  its  Denflty  and  Pellucidity  are 
agreeable  to  that  of  the  Cornea. 

6  The  Foramen  of  the  Pupil  is  lefs  than  the  Cor¬ 
nea,  and  feated  behind  that  Membrane  *,  and  yet 
it  receives  almoft  the  fame  Number  of  Rays  with 
the  Cornea,  becaufe  they  were  by  this  laft  render’d 
converging,  by  which  means  a  greater  Number  of 
Rays  are  admitted  to  the  Bottom  of  the  Eye, 
than  if  it  was  not  provided  with  the  Cornea,  and 
they  were  to  pafs  on  converging  through  a  lefs 
Space  to  their  Focus  at  the  Bottom  of  the  Eye. 
Without  this  RefraCtion,  but  very  few  and  only 
parallel  Rays  would  pafs  to  the  Retina,  while  thole 
Rays  which  fell  upon  the  Iris  would  be  reflected 
back  again  out  of  the  Eye. 

7  The  Rays  of  Light  which  the  Cornea  refraCts 
towards  its  Focus,  are  all  carried  to  the  cry ftalline 
Lens.  This  is  a  Segment  of  a  lefs  Sphere  than 

the 
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the  Cornea,  as  may  be  eafily  known  or  demon  - 
fixated  by  comparing  the  Lens  with  the  diftended 
Cornea  in  a  living  Perfon.  Upon  this  Lens  fall 
thofe  Rays  w’hich  were  rendered  converging  by 
the  Cornea,  and  which  are  here  again  refraCted  and 
collected  into  a  Focus.  Nor  are  the  Rays  much 
more  converged  or  refraCted  in  palling  through  the 
cryfialline  Lens,  notwithfianding  that  is  more 
denfe  and  fpecifically  heavier  than  the  aqueous 
Humour  ;  nor  can  i  by  any  means  think  that  the 
Refraction  is  fo  much  increafed  by  the  Cryfialline 
as  Huygens  believed  :  only  the  Figure  of  this  Lens 
being  a  little  more  fpherical,  caufes  an  Alteration 
in  the  Courfe  of  the  Rays  ;  to  which  we  may  add 
its  fmall  Degree  of  greater  Denfity.  The  cryftal- 
line  Lens  is  in  general  a  little  fmaller  than  the 
Cornea  ;  nor  can  the  cryfialline  Lens  by  any  means 
be  formed  larger  than  the  Cornea,  becaufe  the 
whole  Margin  of  the  Lens  is  fpread  with  a  very 
black  Pigment,  by  which  thofe  Rays  are  fuffoca- 
ted  which  fall  upon  the  lateral  Parts  of  the  Lens. 

e  The  Rays  of  .Light  which  fall  in  a  too  ob¬ 
lique  Direction  upon  the  Surface  of  pellucid  Bodies, 
are  not  tranfmitted  through,  but  reflected  back 
from  them.  Thence  the  Sea-water  which  appears 
black  at  Noon,  reflects  the  Rrightnefs  of  the  Sun 
both  at  its  rifing  and  fetting :  but  when  the  Sun  is 
rifen  higher  above  the  Horizon,  fo  as  to  fend  its 
Rays  perpendicularly,  they  are  then  tranfmitted 
into  the  Water,  without  any  of  them  being  reflect¬ 
ed  *,  but  when  the  Sun  is  near  the  Horizon  in  a 
Morning  or  Evening,  its  luminous  Rays  falling 
obliquely  upon  the  Water,  are  reflected  with  fo 
great  a  Brightnefs  to  the  Eyes  of  the  Spectator,  that 
it  is  not  without  Injury  to  his  Sight  that  he  can 
behold  them.  Thofe  Rays  therefore  which  fall 
too  obliquely  through  the  Cornea,  are  reflected 

from 
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from  the  cryflalline  Lens  ;  and  as  the  Angle  of 
Reflexion  is  equal  to  the  Angle  of  Incidence, 
they  will  fall  upon  the  interior  Part  of  the  Uvea. 
If  now  the  Uvea  was  pellucid  or  white,  it  would 
a  fecond  time  refled  the  Rays  again,  fo  as  to  make 
them  fall  upon  the  Retina,  and  difturb  the  diflind 
or  true  Image  of  the  Objed  which  is  neceflary  to 
perfed  Vifion.  Hence  therefore  Nature  has  co¬ 
vered  the  internal  Surface  of  the  Uvea  with  a  very 
black  Pigment,  in  which  all  the  oblique  Rays  are 
abforbed,  that  none  of  them  may  pafs  to  the  Re¬ 
tina,  but  what  go  on  in  a  right  Line  through, 
and  refraded  by  the  cryflalline  Lens. 

9  The  vitreous  Body  differs  but  little  in  Solidity 
from  the  cryflalline  Lens,  being  a  fmall  matter 
fpecifically  heavier  than  the  aqueous  Humour.  It 
is  feated  in  the  Back-part  of  the  Eye,  with  the 
cryflalline  Lens  in  the  Middle  of  its  Fore-part, 
and  the  ciliary  Duds  on  the  Sides  ;  and  therefore 
the  Rays  are  not  altered  in  their  Courfe  through 
the  vitreous  Body  *,  and  the  lefs,  when  the  ciliary 
Duds  being  con  traded,  prefs  back  the  vitreous 
Body  fo  as  to  render  it  a  little  more  compad  or 
folid.  They  feem  to  produce  this  Adion,  when¬ 
ever  the  Rays  require  a  greater  Refradion,  to  di- 
red  them  into  a  certain  Focus.  For  if  the  vitre¬ 
ous  Body  becomes  but  a  little  more  folid,  the  Fo- 
cus  will  be  confiderably  changed. 

10  Aflc  a  Friend,  or  rather  a  fearful  Child,  to 
look  with  his  Eyes  towards  a  clear  Light,  and 
you  will  then  perceive  the  whole  Eye  appear 
coloured  either  with  Blue,  Grey,  Chefnut,  CiV. 
while  the  Curtain  of  the  Pupil  at  the  fame 
time  contrads  almofl  to  a  Point.  Afterwards  or¬ 
der  the  fame  Perfon  to  look  attentively  at  a  Piece 
of  Money  placed  in  a  Hat,  in  order  to  diflinguifh 

;  the  fame  j  you  will  then  perceive  the  Pupil  conti- 
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nually  dilate)  till  it  is  fo  large  as  to  make  the  whole 
Eye  appear  black,  except  the  Tunica  adnata. 
Nature  has  provided  this  wonderful  Mechanifm 
in  the  Eye,  to  defend  the  Retina  from  being  burnt 
up  by  too  great  a  Quantity  of  Light,  falling  fud- 
denly  into  the  Eye.  For  a  Perfon  may  become 
fuddenly  blind  by  looking  ftrongly  at  the  torch¬ 
ing  Noon-Sun  in  the  Summer-time ;  which  kind 
of  Blindnefs  is  frequent  among  the  Chinefe ,  who 
from  a  religious  Superftition,  follow  the  Courfe 
of  the  Sun  with  their  Eyes,  from  the  rifmg  to  the 
fetting  of  it.  I  myfelf  did  in  a  clear  Night  in  the 
Winter-time,  colled:  the  Light  of  the  Moon  by  a 
Speculum,  confifting  of  a  Segment  of  a  Sphere  \ 
and  by  fuddenly  looking  at  the  Focus  which  was 
received  upon  white  Paper,  in  order  to  determine 
by  Farenheit s  Thermometer,  whether  there  was 
any  Heat  perceptible  in  the  Focus  of  the  lunar 
Rays  j  I  had  by  that  means  the  Appearance  of  a 
white  and  fplendid  Circle  before  my  Eyes  in  the 
Air,  which  continued  for  feveral  Hours,  infomuch 
that  I  began  to  be  afraid  of  Blindnefs.  Aftrono- 
mers  ulually  imitate  Nature  in  this  refpeCl,  by 
looking  at  the  moft  fplendid  Objects  through  a 
fmall  Aperture  to  temperate  the  Rays  of  Light. 
Rohault ,  among  the  French ,  looking  eagerly  thro* 
a  Telefc’ope  for  a  confiderable  time  to  obferve  a 
Battle  at  a  great  Diftance,  had  the  Ufe  of  that 
Eye  vitiated  for  ever  after.  So  great,  may  be  the 
Injury  of  fuddenly  admitting  the  luminous  Rays 
to  fall  into  the  Eye,  before  the  Pupil  is  warned 
and  contracted.  2.  A  fecond  Ufe  of  this  Appa¬ 
ratus  is  for  it  to  dilate  furprifingly  in  a  dark 
Place,  and  admit  the  Rays  in  the  greateft  Abun¬ 
dance.  For  the  Diameter  of  the  Pupil  being  three 
times  augmented,  the  Space  admitting  the  Rays 
will  be  nine  times  larger ;  fo  that  a  Light  nine 

times 
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times  weaker,  will  affedt  the  Eye  equally  as  much 
as  a  full  Light  admitted  through  a  contracted  Pu¬ 
pil.  Hence  all  our  Pupils  are  dilated  in  the  Eve¬ 
ning,  as  any  one  may  eafily  perceive,  by  advifmg 
his  Friend  to  look  at  and  diftinguifh  the  Colours 
of  any  Objedt  in  a  dark  Comer.  3.  If  the  fame 
Objedt  be  looked  at  in  the  Light,  the  Pupil  will 
be  contradted  very  fmall.  But  we  obferve  that  it 
dilates,  when  we  look  attentively  at  any  remote 
Objedt  *,  as,  for  Example,  at  a  Clock  upon  a  Steeple 
in  order  to  determine  the  Hour  j  for  the  Rays  en¬ 
tering  the  Eye  from  the  Objedt, _ are  in  a  duplicate 
Ratio  to  the  Diftance ;  fo  that  at  twice  the  Di- 
ftance,  four  times  a  Ids  Number  arrive  at  the  Eye, 
at  three  times  the  Diftance,  nine  times  fewer  are 
the  Rays,  and  at  ten  times  the  Diftance  they  are  a 
hundred  times  fewer.  Since  therefore  the  Brifk- 
nefs  or  Vivacity  of  the  Sight  depends  upon  the 
Number  of  luminous  Rays  which  enter  the  Eye, 
and  fince  from  a  remote  Objedt  there  are  but  very 
few  Rays  received,  therefore  that  Defedt  is  affifted 
in  us  by  a  Dilatation  of  the  Pupil,  which  being 
enlarged,  admits  more  Rays  in  proportion,  as  few¬ 
er  of  them  are  fent  to  the  Eye  from  the  radiant 
Surface  ;  and  thus  the  Obfcurity  of  remote  Objedts 
is  in  fome  meafure  but  not  totally  removed.  But 
in  a  near  Objedt  as  in  a  ftrong  Light,  too  great 
a  Quantity  of  Rays  may  incommode  the  Eye  :  the 
fame  thing  therefore  takes  place  with  reipedt  to 
the  Eye,  in  a  weak  Light,  as  we  obferved  with 
regard  to  remote  Objedts ;  and  in  a  ftrong  Light, 
as  we  obferved  with  refpedt  to  near  Objedts.  In 
Cats  the  Pupil  has  a  different  Fabric.  For  thefe 
are  capable  of  feeing  both  in  the  Night-time,  and 
in  the  Sunfhine  of  the  Day  without  Injury.  In 
this  Creature  there  is  therefore  a  double  Curtain, 
by  the  receftion  or  approaching  of  which,  the  ob- 
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long  Aperture  of  the  Pupil  is  increafed  or  dimini- 
fhed  ;  for  they  are  provided  with  particular  Muf- 
cles  performing  thofe  Motions.  When  they  look 
in  the  Sunfhine,  they  draw  thefe  Curtains  of  the 
Pupil  fo  clofe  to  each  other,  that  the  Aperture  or 
Slit  betwixt  them  is  no  wider  than  a  Hair  :  where¬ 
as  in  the  Night-time,  the  Pupil  is  fo  dilated  on 
all  Sides  into  a  Circle,  that  almoft  the  whole  Cor¬ 
nea  appears  black.  The  fame  Fabric  is  obferved 
in  Dormice.  There  are  other  Animals  again,  who 
having  the  Pupil  very  large,  and  not  capable  of 
contracting  in  this  Manner,  they  can  therefore  on¬ 
ly  fee  in  the  Night-time,  as  the  feveral  Sorts  of 
Owls  and  Night-birds. 

§•537*  Therefore  the  mor t  plain  1  or  flat  is 
the  Figure  of  the  Cornea,  the  lefs  does  it  re¬ 
fract  or  converge  together  the  Rays  coming 
to  it  from  any  lucid  Point,  and  the  more  does 
it  fpread  them  afterwards ;  fo  that  fewer  Rays 
are  conveyed  through  fuch  a  Cornea  to  the 
cryftalline  Lens,  and  thofe  alfo  greatly  diver¬ 
ging,  unlefs  they  proceeded  from  fome  very 
diftant  Object :  but  the  rounder  2  the  Cornea, 
fo  much  more  does  it  unite  or  converge  the 
Rays  coming  to  it  from  any  Point,  and  the 
more  of  them  does  it  collect  and  throw  upon 
the  cryflalline  Lens,  converging  them  very 
much  together.  And  from  hence  we  may  un- 
derftand  the  Reafon  of  Short-fightednefs,  call¬ 
ed  Myopes  or  Pur-blind,  and  of  Dim-fighted- 
nefs  in  old  People. 

1  Thofe  who  have  the  Cornea  thus  vitiated,  fee 
near  Objects  more  confufedly,  but  remote  Objects 

they 
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they  fee  more  diftinCtly  ;  which  is  a  Diforder  na¬ 
turally  following  in  old  People,  in  whom  the  con¬ 
tracting  Force  of  the  Fibres  overpowers  the  expan- 
five  Impulfe  of  the  Humours.  In  Infants  the  Eye 
is  extremely  fpherical  by  a  kind  Providence  of 
Nature,  left  they  ffiould  be  too  foon  injured  by 
the  Rigidity  or  Inactivity  of  the  Solids ;  but  by 
degrees  they  become  flatter,  infomuch  that  after 
fifty  Years  they  are  ufually  incapable  of  feeing 
near  ObjeCts.  But  the  Reafon  why  flat  Eyes  fee 
near  ObjeCts  confufedly,  is,  becaufe  the  Office  of 
the  Cornea  being  to  refraCt  or  converge  the  Rays, 
more  powerfully  as  it  is  more  convex  or  perfectly 
fpherical,  it  terminates  them  into  a  Focus  too 
foon,  as  they  converge  more  than  they  ought ; 
for  fuch  is  the  Proportion  in  the  Fabric  of  a 
healthy  Eye,  as  to  determine  the  Focus  itfelf  up¬ 
on  the  Bottom  of  the  Retina.  But  when  the  Cor¬ 
nea  is  flatter  than  it  ought  to  be,  the  Rays  do  not 
fufficiently  converge,  but  their  Focus  falls  behind 
the  Retina,  a$  in  the  other  Cafe  it  terminated  be¬ 
fore  the  Retina  ;  fo  that  in  both  thefe  Cafes  the 
Retina  does  not  receive  the  Impreffion  of  a  Angle 
Pencil  of  Rays,  but  of  a  great  many  feparated 
Rays.  But  when  the  ObjeCt  is  very  remote,  fo 
that  its  Rays  may  be  taken  as  parallel,  flat  Eyes 
are  then  capable  of  feeing  the  fame  more  diftinCl- 
]y.  Old  People  and  thofe  who  cannot  fee  near 
Obje&s  diftinCt  from  fuch  a  DefeCt  in  the  Shape 
of  the  Eye,  are  affifted  by  convex  Glafles,  the 
Force  of  which  refraCt  or  collett  the  Rays  more 
together,  fo  as  to  produce  the  fame  EffeCt  as  if 
the  Cornea  itfelf  was  more  fpherical. 

1  Of  this  kind  are  the  Eyes  of  Children,  who 
are  frequently  fhort-fighted  from  the  too  great 
Convexity  or  Roundnefs  of  their  Eyes  ;  but  then 
fuch  have  ufually  their  Sight  better  in  old  Age,  fo 
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that  they  need  not  the  Affiftance  of  Glafies.  In 
this  Cafe  the  Rays  converge  too  much,  and  form 
a  Focus  before  the  Retina,  too  near  to  the  Cornea  ; 
but  the  Rays  naturally  diverging  again  from  that 
Focus,  do  not  paint  themfelves  upon  one,  but 
upon  many  Points  of  the  Retina.  Such  Eyes 
therefore  will  not  be  capable  of  feeing  diftant  Ob¬ 
jects  :  but  the  greatly  diverging  Rays  of  nearer 
ObjeCE  will  not  be  fo  eafily  collected  into  a  Fo¬ 
cus  before  the  Retina,  by  the  greater  refraCting 
Power  of  the  convex  Cornea. 

§.  ^38.  The  cryftalline  Lens  colledts  ftill 
nearer  together  the  received  Rays  which  were 
determined  to  it  by  the  Pupil,  and  renders  them 
converging  in  fuch  a  manner,  that  thofe  which 
arife  from  one  Point  of  the  ObjeCt  out  of  the 
Eye,  are  here  again  collected  in  a  Point  not 
far  from  the  Body  of  the  fame  Lens,  pafling 
through  the  vitreous  Humour  to  the  Retina, 
where  they  paint  precifely  that  Point  only 
from  whence  they  arofe  in  the  Objedt.  If  the 
cryftalline  Humour  is  very  denfe 1  or  round, 
then  the  Focus  or  Point  of  the  collected  Rays 
will  be  too  near  the  Lens,  whence  the  Sight 
will  be  confufed ;  but  if  it  is  too  lax  or  flat, 
the  Point  will  be  removed  too  far,  whence 
alfo  will  arife  confufed  Vifion :  and  hence 
again  we  have  another  Reafon  why  People 
are  fhort  and  dim-fighted. 

1  The  Powers  of  Attraction  are  as  the  Denfities 
of  attracting  Bodies  ;  and  therefore  a  more  denfe 
or  compaCt  Lens  will  attraCt  the  Rays  more  power¬ 
fully,  and  caufe  them  to  converge  fooner.  From 
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this  Principle  it  may  fometimes  happen  that  even 
old  Men  may  be  fhort- lighted.  But  when  the 
cryftalline  Lens  is  more  lax  than  ufual,  it  does  not 
fufticiently  colled:  the  Rays  together ;  and  under 
fuch  a  State  of  the  Lens,  even  young  People  may 
be  troubled  with  the  Dimnefs  of  Sight  that  attends 
old  Age.  But  thefe  Diforders  are  not  remediable 
by  the  Affiftance  of  Dioptrics,  nor  are  they  fcarce 
to  be  cured  by  any  other  Means. 

§•  539*  From  hence  therefore  it  is  evident, 
why  the  Myopes  or  fhort-ftghted  are  affifted 
by  a  concave  dioptric  Lens,  or  by  placing  the 
Objedf  nearer  ?  and  why  the  Prefbytae  or  old 
People  fee  more  diftinftly  with  a  convex  1  di¬ 
optric  Glafs,  or  by  removing  the  Objedt  to  a 
greater  Diftance  ?  Both  thefe  may  be  account¬ 
ed  for  from  what  has  been  faid  before  at 

§•  537>  538- 

But  thefe  Defedts  (§.  539.)  may  be  alfo  re¬ 
medied  naturally,  by  bringing  the  cryftalline 
Lens  nearer  to  the  Cornea,  or  removing  it  a 
greater  Diftance  from  thence  ;  which  Motions 
feem  pradticable  two  different  Ways,  namely, 
by  comprefling  the  Globe  2  of  the  Eye  by  a 
ftrong  Contraction  of  the  four  Mufcles  at  one 
and  the  fame  time,  fo  as  to  render  it  more 
elongated ;  or,  fecondly,  by  a  Contraction  3 
of  the  Fibres  or  ciliary  Ligaments  (§.  522.)  fo 
as  to  comprefs  the  vitreous  4  Body,  and  thruft 
out  the  cryftalline  Lens.  Nor  does  there  ap¬ 
pear  to  be  any  other  Caufe  in  the  Eye  capable 
of  producing  this  Effect. 
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1  The  Perfection  of  the  Eye  confifts  in  collect¬ 
ing  the  infinite  Number  of  Rays  which  arife  from 
any  one  vifible  Point,  fo  as  to  make  them  unite 
into  one  Point  again  upon  the  Retina,  and  paint 
there  the  Image  no  larger  than  a  Point,  nor  yet 
divided  into  more  Points  than  one.  That  this 
may  be  performed  in  the  moft  exquifite  and  per¬ 
fect  manner,  it  is  necefifary  for  the  aqueous  Hu¬ 
mour  and  cryftalline  Lens  to  have  a  juft  or  exaCt 
Degree  of  Denfity,  while  the  Length  of  the  Eye 
and  Figure  of  the  Cornea  are  at  the  fame  time  ade¬ 
quate.  If  now  the  Eye  becomes  flatter  than  it 
ought,  the  Rays  which  come  to  it  greatly  diver¬ 
ging  from  a  near  ObjeCt,  will  not  concur  fuffici- 
ently  together  to  terminate  in  a  Focus  upon  the 
Retina,  where  the  Vifion  will  be  therefore  confu- 
fed.  From  hence  every  body  was,  by  this  Depra¬ 
vity  of  their  Sight,  denied  the  Ufe  of  Books  after 
the  fiftieth  Year  of  their  Age,  until  by  the  modern 
Aftiftance  of  Glaftes  they  were  render’d  capable  of 
reading  Books,  the  principal  Delight  that  remains 
to  wife  old  Men,  without  having  their  Letters  an 
Inch  long  and  broad.  But  now  fince  the  Invention 
of  Spe&acles,  old  People  may  read  commodioufly, 
by  caufmg  the  Rays  which  come  from  feveral  near 
ObjeCts  to  converge  more  together,  by  which 
means  they  fee  them  as  diftinCtly  as  if  they  were 
placed  at  a  great  Diftance.  But,  on  the  contrary, 
the  Myopes  or  Short- fighted  render  the  Cornea  as 
it  were  flatter  by  the  Ufe  of  a  concave  Glafs, 
which  caufes  the  Rays  to  enter  the  Eye  in  fewer 
Numbers,  and  more  diverging,  as  if  they  came 
from  a  very  near  ObjeCt,  making  them  unite  to¬ 
gether  in  a  Focus  at  a  greater  Diftance. 

*  Any  Perfon  who  would  fee  very  minute  Let¬ 
ters  diftinCtly,  ought  either  to  remove  them  to  or 
from  the  Point  in  which  they  can  be  be  ft  read. 

But 
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But  this  Point  is  various  in  every  Perfon.  But  to 
enable  any  one  to  fee  diftin&ly  beyond  this  Point 
of  Vifton,  he  muft  make  ufe  of  other  Helps.  For 
the  Figure  of  the  Eye  may  be  changed,  when  we 
are  not  capable  of  altering  the  Diftance  of  the  Ob¬ 
ject  ;  and  thus  may  the  Sight  be  accommodated  to 
view  very  diftant  or  near  Objects.  This  has  been 
elegantly  demonftrated  by  Dr.  Pemberton  in  his 
inaugural  Thefis,  where  he  maintains  that  a  Sail 
cannot  be  diftinguifhed  at  the  Diftance  of  two 
Miles  upon  the  Sea  by  the  oldeft:  Perfon,  unlefs 
the  Eye  is  fo  compreffed  by  the  four  right  Mufcles, 
as  to  render  its  anterior  Part  more  convex  :  in  the 
fame  manner  as  if  a  flexible  Veffel  full  of  Water 
was  to  be  preflfed  more  violently  in  three  Parts 
than  in  the  fourth,  and  then  by  adding  a  Preffure 
from  any  Caufe,  the  Part  lefs  refilling  would  then 
be  prefted  out.  Hence  the  Eye  is  tir’d  or  painful, 
when  we  accurately  view  a  very  diftant  Object ; 
and  if  there  is  a  Friend  prefent,  who  endeavours  to 
view  well  the  fame  diftant  Object,  you  will  per¬ 
ceive  the  Forepart  of  the  Eye  itfelf  rife  up  into  a 
greater  Convexity.  We  are  not  indeed  ignorant 
of  what  Perrault  has  faid  in  Oppofition  to  this 
Opinion,  namely,  that  the  Sclerotica  of  a  Whale 
is  almoft  an  Inch  thick  but  then  it  becomes  gra¬ 
dually  thinner  towards  its  anterior  Part,  where  the 
Cornea  is  more  than  ten  times  thinner  than  the  Scle¬ 
rotica,  fo  that  it  muft  neceftfarily  give  way  to  any 
Preffure  acting  upon  the  Bulb  of  the  Eye  and  its 
contained  Humours. 

3  This  Contraction  of  the  ciliary  Ligaments  is 
the  fecond  Caufe  of  diftinct  Vifion  of  Objects  at 
different  Diftances.  For  the  ciliary  Ducts  or  liga¬ 
ments  are  incumbent  both  on  the  cryftalline  Lens 
and  vitreous  Body  ;  fo  that  when  this  Tunic  is 
contracted  (§.  £20,  522.)  it  changes  the  Tunic  of 
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the  vitreous  Body  from  a  right  Line  into  an  Arch  ; 
and  then  the  cryftalline  Lens  is  without  doubt 
thruft  forward,  becaufe  a  Preffure  is  exerted  upon 
the  Sides  of  the  vitreous  Body,  while  its  Middle 
remains  free.  Thefe  two  Caufes  render  the  Eye  a 
moveable  Telefcope,  capable  of  accommodating  it 
felf  to  Objects  at  all  Diftances,  and  of  changing 
their  focal  Points.  A  moft  profound  Geometrici¬ 
an  has  wrote  upon  this  Subjed,  and  looked  upon 
the  ciliary  Tunic  to  be  a  fpiral  Mufcle  to  the  cry¬ 
ftalline  Lens,  which  he  thinks  it  is  capable  of  flat¬ 
tening,  or  rendering  more  convex  ;  and  it  is  like- 
wife  thought  that  the  Lamellae  of  the  Cryftalline 
may  by  the  fame  Means  be  prefled  clofer  together, 
or  removed  at  a  greater  Diftance  afunder.  But 
this  Author  has  aflumed  feveral  things  which 
ought  not  to  be  allowed  by  every  body.  For  my 
own  part,  I  make  ufe  of  no  other  Afliftances  than 
what  are  to  be  found  in  the  Eye  ;  and  I  believe 
this  Explanation  to  be  every  way  fufficient  to  ac¬ 
count  for  the  Appearances. 

4  Then  the  cryftalline  Lens  is  thruft  forward, 
while  the  vitreous  Body  becomes  more  compad, 
fo  as  to  more  accurately  colled:  or  converge  the 
Rays,  and  to  determine  their  Focus  into  a  very 
fmall  Point.  And  in  this  Manner  is  the  Eye 
changed,  when  we  accurately  examine  very  minute 
Objeds ;  nor  is  any  great  Alteration  required  in 
order  to  dired  the  true  Pidure  of  the  Objed  upon 
the  Retina. 

§.  540.  The  Refraction  1  of  Rays  paffing 
out  of  the  Air  through  the  Cornea,  is  equal 
to  that  of  Rays  falling  out  of  Air  into  Water  ; 
and  the  Refradion  of  them  from  the  aqueous 
Humour  into  the  cryftalline  Lens,  is  nearly 
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the  fame  with  that  of  a  Ray,  palling  out  of 
Water  into  Glafs,  which  is  but  fmall;  and 
laftly,  the  Refradion  which  happens  from  the 
paffing  of  a  Ray  out  of  the  cryftalline  Lens  in¬ 
to  the  vitreous  Body,  makes  but  little  Altera¬ 
tion;  or  the  vitreous  Body  being  compreffed 
and  rendered  more  denfe,  may  perhaps  make 
the  Difference  little  or  nothing ;  and  therefore 
the  Neceffity  of  the  vitreous  Humour  feems 
principally  to  be,  for  retaining  the  cryftalline 
Lens  freely  moveable,  fo  as  to  be  capable  of 
accommodating  itfelf  to  the  Retina  at  diffe¬ 
rent  Diftances ;  while  in  the  mean  time  the 
Mafs  of  the  cryftalline  Lens  itfelf,  retains  its 
Figure  more  firmly  or  conftantly  than  the  vi¬ 
treous  Body. 

1  This  Refradion  is  conftant  in  the  aqueous 
Humour,  fmce  like  Water  it  is  incompreftible, 
and  therefore  its  Denfity  remaining  the  fame,  its 
Refradion  will  not  be  altered.  Water  indeed  is 
a  little  rarified  by  boiling,  and  refrads  lefs  ;  but 
when  congealed  into  Ice,  it  refrads  a  little  more : 
but  thefe  Alterations  do  not  take  place  in  the  Eye 
of  the  living  Animal.  But  in  the  cryftalline  Lens 
the  Refradion  is  altered,  as  well  as  in  the  vitreous 
Body,  which  confifting  of  Sacculi  may  be  com- 
prefted,  fo  as  to  increafe  a  little  their  refrading 
Power.  But  it  was  neceffary  for  the  vitreous  Bo¬ 
dy  to  be  fofter  than  the  Lens,  that  it  might  be 
capable  of  changing  its  Place. 

§.  541.  The  whole  Apparatus  then  occa- 
lions  a  diftind  and  vivid  Colledion  of  thofe 
Rays  which  come  from  any  one  Point 1  of  an 
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Gbjedl,  fo  as  to  make  them  meet  in  the  Bot¬ 
tom  of  the  Eye  directly  under  the  Pupil ;  and 
thus  penetrating  the  Cornea,  Pupil,  and  cry- 
italline  Lens,  they  paint  2  as  many  diftindt 
Points  upon  this  Bottom  of  the  Eye,  as  are 
confpicuous  in  the  Objedt,  a  fmall  Image  3  of 
which  is  therefore  painted  upon  the  Retina  4. 

1  The  Eye  cannot  fee  more  than  one  Object  di¬ 
ll  indlly  at  a  time.  This  may  indeed  feem  a  Pa¬ 
radox  to  fome,  but  it  is  matter  of  fadl,  as  any  one 
may  demonftrate  to  himfelf.  For  Inftance,  take 
up  a  Book,  and  you  may  fee  a  whole  Page  at  once, 
but  endeavour  to  read  it,  and  you  will  not  find  it 
poffible  to  read  all  the  Lines  of  the  Page  at  once, 
but  fome  will  appear  diftindlly  and  others  confu- 
fed  :  nor  yet  can  you  read  one  Line  at  once,  for 
in  the  fame  Series  of  Letters,  fome  will  appear 
languid  and  others  more  vivid.  The  Mind  then 
fees  but  one  Letter  at  a  time,  fo  as  to  diflinguifh 
and  read  it  accurately  *,  and  though  it  fees  the  reft, 
it  is  in  a  confufed  Manner.  If  you  fee  a  Grain  of 
Sand  removed  to  the  Diftance  of  one  Foot,  you 
will  there  perceive  it  very  diftindlly  by  looking  at 
that  alone  ;  and  yet  I  affirm  that  you  cannot  fee 
the  whole  Grain  of  Sand  diftindlly,  for  every  one 
of  its  Parts  may  be  afterwards  viewed  diftindlly 
or  apart,  when  the  Eye  fucceffively  fixes  itfelf  up¬ 
on  fingle  Points  of  the  fame  Grain.  But  then,  why 
does  it  feem  to  ourfelves  as  if  we  faw  many  things 
at  once  ?  This  is,  becaufe  the  Eye  with  incredible 
Velocity  is  adapted  to  run  over  many  Objedts  in 
the  fmalleft  Inftant  of  Time.  Nor  does  the  Senfe 
or  Impreffion  of  Objedls  immediately  vanifh,  fo 
that  the  firft  Letter  is  not  loft  in  order  to  attend 
better  to  the  next,  but  the  Image  of  the  former  is 
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retained  in  the  Mind  for  fome  time,  together  with 
the  new  Image  of  the  laft,  and  applied  together  in 
fo  fmall  an  Inftant,  that  they  feem  to  arife  in  the 
Mind  at  once.  If  a  Stick  three  Feet  long,  with 
one  End  of  it  burning,  be  whirled  round  in  a 
Circle,  at  the  Diftance  of  fix  Feet  from  the  Eye, 
it  will  afford  the  Appearance  of  a  fiery  Circle, 
when  at  the  fame  time  the  Extremity  of  the  Stick 
is  only  vifible  as  a  fingle  Point ;  namely,  becaufe 
the  firfl  Image  continues  in  the  Eye,  till  it  is  fol¬ 
lowed  by  the  fecond  and  third,  &c.  Boys  make  a 
red  Spot  upon  the  Head  of  a  Whipping-top,  and 
by  working  it  round  very  fwiftly  by  the  Scourge, 
that  Spot  feems  to  be  a  red  Ring,  becaufe  the 
ftronger  Colour  continues  in  the  Eye,  renewing 
the  fame  Senfation  in  different  Points  of  the  fame 
Circle,  with  incredible  Swiftnefs :  thus  true  is  it, 
that  we  do  not  fee  feveral  things  diftin£tly  at  one 
time,  but  the  Mind  is  deceived  by  the  lairing  Im- 
preffion  of  the  Image,  and  great  Velocity  of  the 
fwiftly  moving  Eye,  by  which  things  feem  to  ap¬ 
pear  prefent  at  one  Inftant,  which  follow  fuccef- 
fiveiy  after  each  other. 

a  In  an  Eye,  which  has  been  taken  out  of  the 
Orbit,  and  cleared  of  all  the  Fat,  let  the  back 
Part  of  the  Sclerotica  be  cut  off  oppofite  to  the 
Cornea,  and  inftead  of  the  Sclerotica  apply  a  Piece 
of  white  Paper  *,  by  that  means  if  you  look  on 
one  Side,  the  Images  of  the  circumjacent  Bodies 
will  appear  painted  upon  the  Paper,  which  is  pla¬ 
ced  inftead  of  the  Retina  behind  the  vitreous  Body, 
3  So  long  as  the  Rays  converge  together,  from 
an  infinite  Number  of  Points  in  the  Obje6t,  into 
one  within  the  Eye,  the  Image  will  be  painted 
like  the  Obje£t  •,  but  when  they  fall  feparately, 
the  Objedt  will  be  either  multiplied  or  the  Sight 
confufed.  I  faw  a  Man  who  beheld  every  Objedt 

as 
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as  three,  in  whofe  Cornea  perhaps  there  might  be 
feveral  Planes  like  a  multiplying  Glafs.  But  it  is 
poflible  for  the  Rays  proceeding  from  an  infinite 
Number  of  Points,  to  converge  together  into  one 
upon  the  Retina,  as  may  be  demonftrated  from 
that  Propofition  of  Euclid ;  namely,  that  the  fame 
Number  of  right  Lines  may  be  drawn  in  the  lead 
Circle,  as  in  the  largeft,  and  the  fame  Number  of 
Divifions  made  in  one  as  in  the  other. 

4  The  cryftalline  Lens  fpreads  the  Rays  very 
largely  round  the  whole  Surface  of  the  Retina. 
The  Magnitude  of  the  Cornea  being  given,  with 
the  Depth  of  the  Eye,  and  Convexity  of  the  cry¬ 
ftalline  Lens,  let  a  right  Line  be  drawn  through 
the  Middle  of  the  Cornea  and  Pupil  to  the  Sides 
of  the  cryftalline  Lens ;  and  thus  you  will  fee 
what  Part  of  the  Eye  is  illuminated  by  the  Lens, 
after  the  Rays  have  been  refracted.  It  is  almoft  a 
third  Part  of  the  Eye,  the  other  two  Thirds  of  that 
Organ  being  blind  or  infenfible. 

§.  542.  Now  as  the  mucous  or  foft  Pulp, 
namely,  the  Medulla  of  the  optic  Nerve,  is 
feated  direffily  1  in  this  Point,  under  the  Pupil 
and  cryftalline  Lens ;  this  is  evidently  the  Part 
which  receives  the  Pictures  of  the  Obje&s,  and 
conveys  by  its  Continuity  the  Impreffion  of 
the  Image  to  the  common  Senfory,  fo  as  to 
excite  in  the  Mind  an  Idea  of  the  thing  feen. 

1  The  optical  or  vifual  Axis  of  the  Eye,  deter¬ 
mines  the  Point  of  Vifion  to  fall  upon  the  expand¬ 
ed  Medulla  of  the  optic  Nerve,  and  therefore  the 
Image  of  the  vifible  Objedl  falls  upon  the  Medulla 
it i elf  of  the  Brain.  There,  that  is  in  the  Medulla 

of 
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of  the  Brain  itfelf,  the  Mind  fees,  and  not  the 
Eye,  as  Arijlotle  juftly  obferves.  But  it  is  not  the 
Bufinefs  of  a  Phyfician  to  enquire  what  Vifion  is  in 
the  Mind,  only  he  is  to  know  what  it  is  in  the 
Eye  *,  for  let  the  Eye  be  found  or  duly  formed, 
and  the  Inhabitant  will  fee  by  it,  as  Paracelfus 
-rightly  obferves. 

§•  543*  Even  this  medullary  Expan fion 
of  the  optic  Nerve,  appears  evidently  to  be  the 
Seat  of  Vifion  from  the  Experiments  of  Pi¬ 
card  1  and  Mariot ;  fo  far  are  thofe  Experi¬ 
ments  from  oppofmg  the  fame  thing,  as  fome 
Authors  have  imagined.  And  here  the  infi¬ 
nite  Wifdom  of  the  Architect  is  to  be  admi¬ 
red  and  adored,  for  not  placing  the  Entrance 
of  the  optic  Nerve  in  the  Axis  of  Vifion,  nor 
towards  the  external  Angle  of  the  Eye,  but  in 
a  Middle  Altitude,  and  towards  the  Nofe. 

1  A  Perfon  who  can  fee  mod  diftindly,  may 
dired  his  Eye  in  a  certain  manner  towards  the 
Nofe,  fo  as  to  fee  a  black  Spot  upon  it.  And 
this  happens  when  the  Eye  is  fo  turned  by  the  Adi- 
on  of  the  oblique  Mufcles,  that  the  Center  of  the 
optic  Nerve  looks  towards  the  Nofe  •,  for  that 
Point  in  the  Center  ot  the  Nerve  is  blind.  Upon 
this  is  founded  the  celebrated  Experiment  of  Ma¬ 
riot  ^  and  that  of  Picard.  Namely,  let  a  Perfon 
meafure  the  Heighth  of  his  Eves  upon  a  Wall, 
and  there  make  two  black  Spots,  at  the  Diftance  of 
a  Span  from  each  other,  or  at  a  Diflance  equal  to 
that  of  the  Eyes  from  each  other  ;  add  then  let 
the  left  Eye  be  fhut,  after  which  the  right  Eye 
will  fee  both  the  Spots :  when  this  is  done,  let 
the  right  Eye  be  direded  towards  the  left  Spot, 
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and  let  him  recede  backward  by  degrees,  and  at  a 
certain  Diltance  the  right  Paper  will  become  in- 
vifible.  This  happens  when  the  Spot  is  oppofed 
fo  obliquely  to  the  right  Eye,  that  the  Axis  of 
Vifion  falls  at  the  Diftance  of  a  fixth  Part  of  the 
Diameter  of  the  Eye,  meafuring  from  the  Nofe  ; 
for  then  the  Objedt  is  oppofite  to  the  Artery 
which  lies  in  the  Middle  of  the  optic  Nerve,  fo 
that  the  Eye  is  perfedtly  blind  to  that  Object. 
The  celebrated  Geometricians  Picard  and  Marict 
obferving  this  Experiment,  from  thence  conclu¬ 
ded  that  the  optic  Nerve  was  not  the  Organ  of 
Vifion,  and  therefore  fubftituted  the  Choroides  for 
that  Office  inftead  of  the  Retina  ;  for  then,  fay 
they,  we  fee  nothing  of  the  Object,  when  it  falls 
directly  upon  the  Middle  of  the  optic  Nerve. 
But  in  that  Cafe  the  Image  is  not  impreffed  upon 
the  optic  Nerve,  but  upon  the  Artery  which  runs 
through  it ;  whereas  the  Nerve  only  is  fenfible, 
and  not  the  Artery.  From  this  Obfervation  a 
Reafon  may  be  given,  why  the  optic  Nerve  is  ra¬ 
ther  infer  ted  towards  the  Nofe,  than  in  the  Middle 
or  oppofite  to  the  Axis  of  the  Eye,  or  even  to¬ 
wards  the  external  Angle  ;  namely,  becaufe  the 
Eye  would  then  be  blind  to  all  remote  Objedts  ; 
whereas  now  only  that  Point  is  blind  which  falls 
towards  the  Nofe,  the  Sight  of  which  is  lefs  ne- 
cefiary,  and  falls  upon  a  Part  of  the  Objedt, 
which  we  never  lofe  Sight  of,  fo  long  as  we  enjoy 
the  Ufe  of  both  Eyes.  Thus  have  we  explained 
that  wonderful  Fabric  of  the  Eye,  the  Perfection 
of  which  admits  of  no  Improvement,  and  upon 
which  the  whole  Science  of  Dioptrics  is  founded. 

§.  544.  The  PerfeStion  1  of  Sight  therefore 
depends  upon  fuch  a  Figure  2,  Pellucidity  3, 
1  Fabric 
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Fabric  4  and  Power  5  of  the  Solids,  together 
with  fuch  a  Denfity  and  Pellucidity  of  the  co- 
lourlefs  Humours 6,  as  may  belt  determine  or 
colledt  the  greateft  Number  7  of  Rays  coming 
from  a  vifible  Point  of  an  Objedt,  without 
mixing  with  others  into  one  diftindl  Point  of 
the  Retina*  placing  the  Focus  neither  too 
near,  nor  too  far  from  8  that  nervous  Expan¬ 
sion  :  and  further,  the  Perfedlion  of  Sight 
confifts  in  fuch  a  free  Mobility  9  of  the  folid 
and  fluid  Parts  of  the  Eye,  as  will  be  fuffici- 
ent  for  the  clear  and  diftindl  painting  of  Ob- 
jedts,  though  placed  at  different  Diftances ; 
for  thus  the  Ideas  of  Magnitude,  Figure,  Di¬ 
stance,  Situation,  Motion,  Reft,  Light  and 
Colours  are  beft  reprefented :  and  laftly,  it  is 
neceffary  for  the  Retina  to  have  that  Situation* 
Expanfion,  Senfbility  10  and  Tendernefs,  to¬ 
gether  with  a  due  Proportion  betwixt  the  me¬ 
dullary  Subfiance,  and  arterial ",  venal  and 
lymphatic  12  Veflels,  as  will  fuffice  to  tranfmit 
the  Images  freely  and  unaltered  through  the 
well-conditioned  optic  Nerve,  to  the  common 
Senfory. 

1  The  Knowledge  of  this  Perfedlion  of  the  Eye* 
leads  us  to  find  out  Means  for  aftifting  the  feveraf 
Diforders  of  the  Sight.  But  the  Perfedlion  of  the 
Eye  is  greateft  from  the  eighteenth  to  the  fiftieth 
Year  or  Age,  and  confifts  in  our  feeing  many  Ob- 
jedts  very  ftrongly  and  diftindlly,  without  any 
Increafe  or  Decreafe  at  different  Diftances,  fo 
as  to  behold  the  moft  remote  and  near  Objedts 
fully  and  accurately  (fee  §.  522.)  From  this  De¬ 
finition  of  the  Perfedlion  of  Sight,  there  arife  three 
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Gaffes  of  Difeafes.  In  the  firffc  of  which,  the 
Eye  is  adapted  to  fee  only  at  one  Diftance,  or  can 
obferve  well  only  very  remote,  or  elfe  very  near 
Obje&s.  2.  If  the  Eye  does  not  fee  brifkly,  it  is 
called  a  Dulnefs  or  Imperfedtion,  the  Objedl  then 
feeming  as  if  it  was  obferved  through  a  Cloud  in 
the  Middle  of  the  Day  ;  and  this  Diforder  is  fre¬ 
quent  to  old  People,  whofe  Eyes  begin  to  be 
opake.  3.  Laftly,  The  Vifion  may  be  undiftindt. 
The  Diftindtnefs  of  Vifion  arifes  from  an  infinite 
Number  of  Rays  converging  together  into  one 
Point,  which  falls  exactly  upon  that  Part,  in 
which  the  optic  Nerve  covers  the  Eye.  When 
the  Focus  or  Point  of  converging  Rays  falls  be¬ 
hind  the  Retina,  the  Rays  then  come  to  it  fepara- 
ted,  or  before  they  are  colleded  together,  and 
therefore  paint  not  one  but  many  Points  upon  it. 
When  the  Rays  converge  more  than  they  ought, 
the  Focus  falls  betwixt  the  Retina  and  the  cryftal- 
line  Lens ;  and  then  from  that  Focus  which  they 
make  in  the  vitreous  Body,  they  diverge  again 
and  paint  many  Points,  when  they  ought  to  paint 
but  one.  From  both  the  preceding  Defedls  arife  a 
Confufion  of  the  Images  in  the  Eye,  whether  they 
are  feveral  or  fingle.  Thefe  contrary  Defedts  of 
the  Sight  are  eafily  demonftrated  from  the  Particu¬ 
lars  required  in  the  moft  perfedt  Sight. 

a  The  Convexity  of  the  Eye  determines  the 
Rays  in  a  Focus  upon  the  Retina,  fo  that  they  do 
not  converge  before  or  behind  the  fame.  The  Eye 
ought  alfo  to  be  perfedtly  fpherical,  fo  as  to  be 
fufceptible  of  the  greatefl  Number  of  Rays. 

.  3  The  Pellucidity  of  the  Eye  ought  to  be  as 
perfedt  as  poffible  *  for  fo  foon  as  there  is  the  leaft 
Opacity,  the  Eye  is  continually  deceived,  though 
it  fhould  be  free  from  all  other  Defedts.  Thus 
the  Pupil  ought  to  be  very  black  j  and  in  general 

the 
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the  Eye  is  better,  as  the  Pupii  appears  blacker. 
Nothing  ought  to  be  feen  in  the  Pupil  unlefs  the 
reflected  Image,  as  if  coming  from  a  Glafs ;  for  if 
there  is  the  Appearance  of  the  lead  Whitenefs  per¬ 
ceptible  in  the  Pupil,  the  Sight  is  always  dull  in 
proportion. 

4  The  lead  Alteration  in  the  Fabric  of  the  fo- 
lid  Parts  excites  Difeafes  of  the  Eye.  I  examined 
the  Cornea  in  the  Eye  of  an  Ox,  by  preffing  upon 
the  Back-part*  to  diflend  the  Cornea  outward  as 
much  as  poffible,  in  the  fame  manner  as  it  is  ob~ 
ferved  in  the  living  Animal ;  and  then  with  a  ve¬ 
ry  fmall  Needle  and  a  Microfcope,  I  punctured 
the  exterior  Surface  of  the  Cornea  (lightly,  by 
which  means  an  elafbic  Lamella  or  Pellicle  of  the 
Cornea  contracted  and  enlarged  the  Opening  •,  and 
then  again  I  repeated  the  fame  Puncture  through 
the  next  entire  Pellicle,  which  contracted  and 
made  a  new  Opening  as  before  :  and  in  this  man¬ 
ner  a  hundred  Strata  may  be  diftinguifhed  in  the 
Cornea,  by  punCturing  as  many  times  *,  whence 
the  Cornea  appears  to  be  made  up  of  an  infinite 
Number  of  concentric  Strata.  But  it  is  remarka¬ 
ble,  that  at  each  PunCture  a  fmall  Quantity  of 
Water  was  difcharged  ;  and  therefore  the  Cornea 
feems  to  be  alfo  compofed  of  very  fine  lymphatic 
Veffels,  many  of  which  are  interwove  into  a  Stra¬ 
tum,  feveral  of  which  Strata  make  up  the  whole 
Membrane  of  the  Cornea.  Now  if  any  one  of 
thefe  Strata  is  vitiated  or  difeafed,  the  Perfection 
of  the  Sight  will  be  impaired  5  but  if  a  fmall  Fif- 
fure  or  Wound  be  made  in  the  Surface  of  the  Cor¬ 
nea,  the  divided  Lips  receding,  would  conftitute 

j  two  different  Planes  or  Surfaces,  which  would 
1  continually  occafion  a  Duplicity  of  Sight. 

5  Namely,  their  Power  of  Elafticity,  which  is 
I  in  proportion  to  the  Extension  that  they  fuffer 

L  2  from 


148  Of  the  Sight.  §.  544. 

from  the  Humours.  Whenever  the  Equilibrium 
is  altered  betwixt  the  Solids  and  Fluids  of  the 
Eye,  that  Organ  is  always  more  or  lefs  vitiated 
or  difeafed.  When  the  Power  of  the  Solids  pre¬ 
vails,  the  Eye  becomes  flatter,  as  in  old  People  ; 
but  when  the  Humours  too  much  extend  the 
weakened  Solids,  the  Eye  becomes  fliort-flghted, 
or  evep  at  length  may  be  fo  protuberant  and  ex¬ 
tended,  as  to  acquire  the  Denomination  of  0 cuius 
elephnniinus. 

6  Thefe  Humours  are,  1.  The  pellucid  Lymph 
contained  in  the  fmall  Veflels  of  the  Cornea,  con¬ 
tinually  moving  in  the  Courfe  of  the  Circulation. 
2.  The  aqueous  Humour.  3.  The  Humour 
which  circulates  through  the  parallel  Veflels  of  the 
cryflalline  Lens.  4.  The  Humour  contained  in 
the  very  fmall  Veflcles  of  the  vitreous  Body.  In 
all  thefe  Humours  is  neceflary  a  perfedl  Degree  of 
Pellucidity  with  a  certain  Denflty.  When  they 
are  lefs  denfe,  they  caufe  the  Focus  of  the  Rays  to 
fall  at  a  greater  Diftance  from  the  cryflalline 
Lens,  even  behind  the  Retina  ,  but  when  they  are 
more  denfe,  the  Focus  then  terminates  too  near 
the  Lens,  and  even  before  the  Retina.  But  it  is 
to  be  obferved,  that  thefe  Humours  are  capable  of 
being  condenfed  or  rarefied,  fince  they  are  not  like 
mere  Water,  but  in  fome  degree  compreflible. 
Laftly,  When  thefe  Humours  of  our  Eye  are  co¬ 
loured,  they  then  reprefent  not  the  true  Colour  of 
the  vifible  Gbjed,  but  that  of  the  Humour  itfelf 
to  the  Mind :  thus  when  the  Eyes  are  yellow,  as 
in  a  Jaundice,  all  the  Qbjeds  feem  to  be  yellow. 

7  The  more  numerous  the  Rays  which  are  col- 
ledled  together  into  a  Point,  the  more  vivid  is  the 
Sight  or  Impreflion  of  the  Object ;  and  the  fmaller 
the  Point  in  which  they  converge  together,  fo 
much  more  diflind  is  the  Sight.  If  the  Focus  of 
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Rays  fell  one  thoufandth  Part  of  an  Inch  before 
the  Retina,  the  Image  would  not  be  painted  in  a 
fmgle  Point  of  the  Retina,  but  in  many,  and  the 
Vifion  would  be  confufed. 

8  The  Image  of  a  remote  Objedl  appears  diftinct, 
when  the  Rays  come  to  the  Eye  in  fo  fmall  an 
Angle,  that  they  may  be  taken  for  parallel.  But 
In  that  Cafe  the  vivid  Strength  of  Vifion  is  want¬ 
ing,  becaufe  the  Rays  are  fent  into  the  Eye  in  a 
fmall  Number.  Thus  an  old  Man  will  be  capable 
of  feeing  diftindlly  at  the  Diftance  of  a  whole 
Mile,  but  then  he  will  not  fee  with  any  great 
Strength  ;  on  the  other  hand,  when  the  Eye  can 
only  fee  near  Objedts,  the  Sight  is  then  lefs  per- 
fedt  (fee  §.  530.);  for  it  is  better  to  fee  remote 
Objedls  well,  than  to  be  obliged  to  view  them  at 
the  Diftance  of  an  Inch,  in  order  to  fee  them  di- 
ftindtly. 

9  So  moveable,  that  in  an  Inftant  of  Time  the 
vitreous  Body  ought  to  be  capable  of  changing  its 
Solidity,  and  the  cryftalline  Lens  its  Situation. 
But  when  the  Eye  itfelf  is  perfedtly  moveable,  it 
then  receives  an  infinitely  greater  Force  of  the 
Rays,  while  it  moves  through  one  fourth  Part  of  a 
Circle  ;  fince  this  Arch  is  in  the  Center  of  an  in¬ 
finite  Number  of  larger  Arches,  from  whence  all 
the  Rays  are  received. 

10  Namely,  Senfibility  or  Sharpnefs  of  per¬ 
ceiving.  The  Retina  cannot  be  affedted  by  Ob- 
jedts,  but  in  proportion  to  its  own  natural  Senfi¬ 
bility.  When  I  look  at  the  full  Moon  in  a  clear 
Night,  my  Eye  may  be  fo  affedted  that  I  can  re¬ 
tain  the  Image  as  if  it  were  prefent,  by  turning 
round  with  my  Back  towards  it ;  but  when  the 
Image  of  the  full  Moon  is  colledled  by  a  concave 
Speculum,  and  thrown  upon  white  Paper  in  a  fin- 
gle  Point,  in  that  cafe  the  Impreftion  of  a  lumr- 
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nous  Spot  will  remain  for  feveral  Hours  as  if  it 
were  painted  in  the  Eye }  and  by  this  means  a 
Man  may  be  quite  blinded,  though  there  is  not 
any  Heat  produced  in  the  Focus,  capable  of  being 
diftinguifhed  by  the  moft  fenfible  Thermometer, 
even  that  invented  by  Drebel ,  which  arifes  even 
by  a  Blah  of  one’s  Breath.  Hence  we  infer,  that 
the  Retina  of  a  healthy  Perfon  ought  to  be  fo  fen¬ 
fible,  and  capable  of  Irritation,  as  to  be  affedled 
by  the  leaft  Caufe  or  corporeal  Adtion.  Upon 
this  natural  Senfibility  of  the  Retina,  the  Sharp- 
nefs  of  Vifion  in  a  great  meafure  depends  and 
this  Senfibility  being  loft  in  old  Age,  the  Eye 
itfelf  is  no  more  affedted  by  the  Sun  than  the 
Skin,  namely,  it  continues  only  fenfible  of  Heat, 

11  We  faid  before  that  the  optic  Nerve  in  its 
Center  is  not  nervous,  being  perforated  with  an 
empty  Aperture,  through  which  a  considerable 
fanguiferous  Artery  paffes  in  the  middle  of  the 
Cylinder  of  the  Nerve,  expanding  itfelf  together 
with  the  Retina ;  upon  which  Artery  the  Image 
of  the  Objedf  falling,  is  not  perceived  by  the 
Mind  under  any  other  Form  than  that  of  a  black 
Point.  Now  when  thefe  Blood-vefiels  in  the  Bot¬ 
tom  of  the  Eye  are  fo  diftended  as  to  comprefs 
the  Medulla  of  the  optic  Nerve  there  alfo  ex¬ 
panded,  the  Retina  itfelf  will  be  likewife  infenfible. 
This  Opacity  or  Infenfibility  in  any  Part  of  the 
Retina,  is  not  afcribed  to  the  Eye  by  the  Mind  5 
but  when  the  Perfon  looks  in  a  ferene  Air,  he 
fees  at  a  Diftance  as  it  were  dark  Particles  dancing 
in  the  Air,  which  are  nothing  more  than  infenfi- 
ble  Points  of  the  Retina,  whether  that  Infenfibility 
arifes  from  a  Palfy,  or  from  fome  Body  placed  in 
the  Bottom  of  the  Eye  before  the  Retina. 

11  Ridley  opened  the  Eye  of  an  Animal  lately 
ftrangled,  by  dividing  its  anterior  Membranes, 

and 
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and  he  obferved  that  in  the  Retina  and  optic 
Nerve  there  were  diftributed  lymphatic  Veffels, 
which  did  not  intercept  the  Rays  of  Light,  fince 
they  were  extremely  pellucid.  But  if  the  fame 
Veffels  from  any  Caufe  ftiould  be  rendered  lefs 
pellucid,  then  the  Sight  would  be  loft  in  thofe 
Points  of  the  Retina,  and  the  Mind  will  perceive 
as  it  were  Bubbles  of  Water,  like  what  People 
frequently  fee  in  the  Clouds,  when  illuminated  by 
the  Noon-fun  *,  namely,  the  Appearance  of  pellu¬ 
cid  and  dancing  Globules.  There  is  no  Danger 
from  the  Appearance  of  thefe,  Corpufcles,  as  I 
have  experienced  in  myfelf. 

§.  545.  The  vifual  Rays  do  not 1  therefore 
flow  out  2  of  our  Eyes,  fo  as  to  be  reflected  a- 
gain  into  them  from  Objects,  as  the  Stoics  have 
aflerted,  Nor  do  we  fee  by  any  vifible  Species 
flowing  out  of  the  Qbjedt  into  us,  as  Pytha¬ 
goras  and  his  Followers  have  pronounced ;  nor 
yet  do  we  fee  Objedts  by  Effluvia  which  they 
emit  to  the  Eye,  becoming  vifible  by  embra¬ 
cing  each  other,  and  then  returning  again, 
according  to  the  ftrange  Reafonings  of  the 
Platonifts  ;  nor,  laftly,  do  we  fee  by  any  ma¬ 
terial  Efflux  of  corporeal  Images,  as  Epicu¬ 
rus  3  judged.  But  Vifion  is  performed  by  that 
Mechanifm  4  which  has  been  explained  before, 
and  the  underftanding  of  which  has  been 
much  expedited  by  an  accurate  Defcription  of 
the  internal  Organ  of  the  Eye,  by  the  celebra¬ 
ted  Raw  communicated  in  an  Epiftle  to  me, 

r  Vifton  is  the  Perception  of  a  moft  fubtle  Body, 
and  belongs  in  a  manner  as  well  to  Spirits  as  to 
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Bodies.  Specula  reflect  the  Images  of  Bodies  fo 
accurately,  that  there  is  no  living  Creature  who 
has  not  been  ufed  to  them,  but  what  would  believe 
he  actually  faw  the  Perfon  or  thing  itfelf,  whofe 
Image  only  is  painted  in  the  Speculum.  Thus  we 
fee  Dogs  placed  before  a  Looking-glafs,  move  their 
Head  and  Eyes  varioufly,  in  order  to  difcern  whe¬ 
ther  that  which  they  fee  is  a  real  Dog.  This  we 
know  not  what  thing,  which  fo  much  refembles  the 
Body  from  whence  it  is  derived,  has  hardly  any 
Extenfion,  and  yet  it  feems  equally  extended  with 
the  Body  itfelf. 

2  If  we  faw  by  Rays  flowing  out  of  the  Eyes, 
we  fhould  not  then  fland  in  need  of  Light  *,  but 
certain  we  are  that  without  Light  we  cannot  fee. 
I  am  not  indeed  ignorant  that  there  are  fome  In- 
fiances  which  are  alledged  in  favour  of  the  contrary 
Opinion :  as  ! Tiberius ,  who  riflng  up  fuddenly  in 
the  middle  of  the  Night,  is  faid  to  have  been  ca¬ 
pable  of  diflinguifhing  all  Objects  ;  and  in  fhort,  I 
believe  that  this  Accident  is  not  unfrequent,  but 
that  many  Men  may  for  a  Moment  clearly  perceive 
with  their  Eyes  when  they  open  them  in  the  mid¬ 
dle  of  the  Night.  But  neither  does  this  conftantly 
happen  to  the  fame  Perfon,  nor  is  it  of  any  Dura¬ 
tion,  the  fhort  Light  being  inflantjy  followed  in 
the  fmallefl  Moment  of  Time  with  a  profound 
Darknefs ;  nor  does  this  proceed  from  Rays  fent 
out  from  the  Eye.  In  fhort,  the  whole  Affair  is 
as  follows :  The  Eye  may  become  fo  tender,  that 
what  is  no  Light  to  others,  may  yet  be  fufflcient 
to  illuminate  a  tender  Eye  ;  for,  properly  {peak¬ 
ing,  there  is  no  fuch  thing  as  Darknefs  throughout 
the  whole  World  j  but  we  call  that  Darknefs, 
which  is  a  weaker  Light ;  infomuch  that  Places 
faid  to  be  dark  to  ys,  are  yet  by  other  Animals: 
taken  for  clear  Lights,  and,  on  the  other  hand. 
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oiir  Light  is  again  taken  for  Darknefs  by  thofe 
Animals.  Thus  a  Man  is  capable  of  feeing  in  the 
Day-time,  but  at  that  time  he  cannot  be  feen  by  a 
Dormoufe  ;  on  the  other  hand,  we  are  blind  in  the 
Night,  at  which  time  the  Dormoufe  fees,  fearches 
for  its  Prey,  and  obferves  every  thing  very  accu¬ 
rately.  Thus  alfo  a  great  many  Flies,  efpecially 
thofe  which  have  many  Eyes,  with  half  the  Sorts 
of  Butterflies  and  other  Animals,  do  not  fee  many 
things  well  but  in  the  Night.  A  memorable  In- 
ftance  of  this  Nature  happened  in  England ,  which 
was  cited  before  ('§.  490.),  Of  a  Man  who  being 
thrown  into  Goal  and  deprived  abfolutely  of  all 
Light,  both  from  the  Sun,  Moon,  and  Heavens, 
he  could  not  fee  any  thing  for  a  conflderable  time  ; 
but  after  a  while  he  began  to  perceive  a  faint  Twi¬ 
light,  after  the  Pupil  had  relaxed  itfelf,  and  in 
procefs  of  time,  his  Eye  became  fo  tender,  that  he 
could  both  fee  Objedts  and  read  Letters  in  the  1110ft: 
profound  Darknefs.  Nor  is  there  any  thing  very 
furprifing  in  all  this ;  for  there  is  hardly  a  Phyfl- 
cian  who  has  not  obferved,  that  upon  coming  out 
of  a  ftrong  Light  of  the  Sun  in  the  Summer-time, 
to  a  Patient  lying  ill  of  an  acute  Difeafe  in  a  dark 
Chamber,  he  has  not  been  capable  of  feeing  for  the 
Space  of  half  a  quarter  of  an  Hour,  during  which 
Time  becoming  more  accuftomed  to  the  Darknefs, 
he  has  diftinguithed  the  Objects  as  if  it  were  by  a 
Light  gradually  more  and  more  increafing. 
Namely,  the  flrong  Light  had  fo  affedted  the 
Eye,  as  to  render  it  infenflble  of  a  weaker  Light ; 
when  the  fame  Eye  will  be  able  to  fee  in  the 
weakeft  Light  after  it  has  been  deftitute  of  one 
ftronger.  But  to  return  to  the  Matter  concerning 
which  we  were  fpeaking  ;  it  is  by  no  means  reafo- 
nable  to  fuppofe  Rays  flowing  out  of  our  Eyes, 
which  meeting  with  Objects  are  reflected  back 

again 
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again  to  the  fame,  fo  as  to  bring  with  them  the 
true  Images,  and  as  it  were  the  Shells  of  the 
Bodies  to  the  Bottom  of  the  Eye ;  or  elfe  that 
Rays  coming  out  of  the  Eyes,  unite  with  Rays 
coming  from  the  Objects,  and  fo  return  together 
to  the  Eye  ;  for  all  thefe  Opinions  are  eafily  re¬ 
futed,  fince  a  good  Eye  cannot  perceive  any  Ob- 
jeCt  without  the  Afliftance  of  Light. 

3  This  falfe  Opinion  is  not  juftly  afcribed  to 
Democrat es ;  namely,  that  vifible  Images  or  Pi¬ 
ctures  wander  about  every  way  from  Bodies,  and 
are  received  by  the  oppofite  Eye.  For  this  No¬ 
tion  is  refuted  by  the  former  Argument,  that 
upon  removing  Light,  Vifion  is  deftroyed.  Thefe 
Images  are  the  SpeCtra  defcribed  by  Virgil: 

Et  ni  dodla  comes ,  tenues  fine  corpore  vitas , 

Admoneat ,  volitare  cava  fub  imagine  formcey 

Jrruat  &  fruftra  ferro  diverberet  umbras . 

4  Which  Mechanifm  is  as  concife  as  poflible, 

namely,  a  Collection  of  the  Rays  reflected  and 
difperfed  from  the  radiant  or  reflecting  Point  to 
the  Eye.1 - What  has  been  hitherto  faid  concern¬ 

ing  the  Eye,  may  be  fafely  adhered  to,  and  fup- 
ported  by  folid  Experiments.  But  as  Ariftotle  for¬ 
merly  pronounced  very  juftly,  it  is  the  Mind  which 
fees  and  the  Mind  which  hears  \  whereas  the  Ob- 
jeCt  itfelf  is  only  a  charaCteriftic  Mark,  which  ex¬ 
cites  an  Impreilion  in  the  fenfitive  Faculty  of  the 
Mind.  It  may  be  added,  that  Vifion  does  not  be¬ 
long  to  Bodies,  but  depends  on  the  Faculty  of  the 
Mind  itfelf,  which  is  capable  of  reprefenting  to  it¬ 
felf  Images,  without  the  Afliftance  of  Bodies,  both 
when  we  are  fleeping  and  waking.  Even  Sir  Ifaac 
Newton  ingenuoufly  confefles,  that  all  which  has 
been  taught  by  optical  Demonftration,  produce 
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no  more  than  a  certain  Change  in  the  optic  Nerve  ; 
and  therefore  we  do  not  fee  Images  by  their  Im- 
preffions  on  the  optic  Nerve  any  other  wife,  than 
as  if  a  Prefs  or  other  Body  was  reprefented  by 
Lines  drawn  with  Ink  upon  Paper ;  the  Lines 
themfelves  having  no  Relation  to  the  Prefs  or  Bo¬ 
dy  which  they  reprefent.  For  the  Focus  of  Rays 
meeting  together  upon  the  Retina,  produces  no¬ 
thing  but  a  true  kind  of  Touch  or  Feeling  *  and 
yet  from  that  Focus  arifes  the  Idea  of  red  or  other 
Colours.  It  therefore  does  not  follow,  that  the 
Eye  is  affedted  or  tinged  with  a  red  Colour,  when 
that  Idea  is  excited  in  the  Mind ;  but  the  Mind 
has  a  Faculty  of  framing  particular  Thoughts  or 
Ideas,  when  it  is  moved  in  a  certain  Manner  or 
by  certain  Bodies ;  nor  will  that  Colour  ever  arife, 
pnlefs  the  corporeal  Organ  is  moved  in  the  fame 
manner,  by  the  Body  or  Object,  by  Diforder  or 
by  the  Mind  itfelf.  And  this  may  be  taken  as 
a  certain  and  infallible  Law ;  for  the  fame  Objedt 
will  conftantly  excite  the  fame  red  Colour  in  the 
healthy  Eye  of  every  Perfon  throughout  the  whole 
World.  But  our  Ignorance  of  the  Manner  in 
which  thefe  Ideas  are  excited  in  the  Mind,  ought 
not  to  give  us  any  Uneafinefs ;  for  the  Bufinefs 
of  the  Phyfician  extends  no  farther  than  to  keep 
the  Eye  found  and  duly  difpofed,  that  the  Rays 
may  meet  together  in  a  juft  Manner  upon  the 
Retina, 

§.  546.  From  what  has  been  faid,  we  may 
be  able  to  give  a  Reafon  why  Objedts  appear 
moft  clearly  when  placed  at  the  leaji  1  Di- 
ftance  that  the  Eye  will  bear,  fo  as  to  fee  them 
dijlinffi  2  ?  and  why  when  the  Objedt  is  remo¬ 
ved  at  a  greater  Diftancea  it  is  feen  diftindtly 

but 
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but  not  fo  ftrongly  or  evidently,  producing  a  ' 
more  languid  Effedt  upon  the  Eye  ?  why  Ob- 
jedls  appear  confufed  3  when  placed  too  near 
the  Eye  ?  what  is  required  towards  a  diftindt, 
and  what  towards  a  ftrong  or  vivid  Sight  of 
Objedts,  &c.  ?  All  which  may  be  eafily  folved 
from  what  has  been  before  advanced. 

1  In  every  Perfon  there  is  a  determinate  Di¬ 
ftance,  at  which  Bodies  are  beheld  by  them  moft 
diftindt,  or  as  plain  as  they  are  capable  of  appear¬ 
ing.  A  Perfon  whofe  Eyes  are  diftindt  will  plain¬ 
ly  fee  and  know  another  Perfon  at  the  Diftance  of 
two  Feet,  and  alfo  at  the  Diftance  of  twenty  Feet ; 
but  what  is  feen  at  a  greater  Diftance  appears  weak¬ 
er,  and  that  which  is  feen  at  a  nearer  Diftance  ap¬ 
pears  confufed.  For  Jnftance,  I  fee  a  white  Sail 
at  the  Diftance  of  a  Mile  diftindt  enough,  but  not 
vivid  or  ftrongly  ;  but  as  the  Ship  approaches 
nearer,  I  perceive  the  Sail  more  apparently  or 
clearly  as  it  comes  nearer.  But  when  that  Sail 
comes  within  the  Diftance  of  twelve  Inches  I  then 
fee  the  Threads,  which  being  wove  together  make 
up  the  Sail,  and  alfo  the  fmall  Filaments  or  Fibres 
of  the  Flax  which  are  twifted  together  into  the 
Threads.  In  effect,  we  fee  bell  or  moft  clearly, 
when  the  Objedt  is  placed  at  fuch  a  Diftance,  as 
may  enable  it  to  fend  the  greateft  Number  poftible 
of  parallel  Rays  to  the  Eye,  fo  as  to  make  them 
converge  upon  the  Retina  *,  and  therefore  Vifion 
is  moft  vivid  when  the  Eye  receives  the  greateft 
Number  of  Rays,  and  the  moft  diftindt  when  they 
come  parallel,  and  terminate  as  before  upon  the 
Retina,  fuppofing  the  Eye  itfelf  to  be  as  perfedt 
as  poftible. 
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.  1  We  then  fee  diftindlly  becaufe  the  Rays  are 
almoft  parallel,  only  they  are  but  few  in  Number  ; 
by  the  former  the  Vifion  is  rendered  diftindt,  but 
by  the  latter  more  faint.  But  the  Number  of 
Rays  from  an  Objedt  diminifli  in  proportion  to 
the  fquare  of  their  Diilance. 

3  When  a  Needle  is  applied  as  near  as  pofiible 
to  the  Cornea,  it  cannot  be  feen,  becaufe  the  Rays 
refledled  from  the  Needle,  diverge  fo  much  that 
they  terminate  in  a  Focus  behind  the  Retina ;  and 
therefore  we  fee  many  Points  inftead  of  one. 
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§.  547.  O  0  UND  2  is  a  tremulous  Motion 
of  the  common  Air  3,  arifing 
from  its  reciprocal  Vibrations  4  or  ‘Tremors  5 
and  Elafticity,  when  ftruck  or  agitated  by  a 
fonorous  6  Body.  It  is  propagated  from  the 
fonorous  Center  7  in  right  Lines  8,  towards 
the  Circumference  of  a  Sphere,  as  far  as  it  is 
capable  of  extending,  being  nearly  fubjedt  to 
the  fame  Laws  in  its  Progrefs  and  Reflexion  9, 
which  we  obferved  in  the  Rays  of  Light ; 
(§.  533.)  only  it  is  propagated  more  flowly 
and  JiiccejJively  lo,  namely,  paffing  over  the 
Diftance  of  968  Englijh  Feet,  within  the 
Space  of  a  Second  of  Time :  a  greater  or  lefls  1 1 
Sound  moving  equally,  and  without  being  ac¬ 
celerated  or  retarded  by  moving  with  or  againfl 
the  Wind  1 2,  though  in  the  latter  Cafe,  the 

Sound 
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Sound  does  not  extend  to  fo  great  a  Diftance ; 
in  the  mean  time  the  Sound  imprejjes  x3  its 
Tremors  againft  elaftic  Bodies  which  oppofe 
it,  and  thefe  elaftic  Bodies  refled:  the  Tremors 
again  with  very  little  Alteration.  Hearing 
then  is  the  Perception  of  fuch  a  Sound  excited 
in  the  Mind,  by  means  of  that  whole  Organ 
which  we  call  the  Ear,  as  well  internal  as 
external. 

*  Hearing  is  that  Idea  or  Perception  of  Sound, 
which  is  excited  in  the  Mind  by  the  feveral  Parts 
or  Organs  belonging  to  the  Ear  *,  and  thus  true 
Hearing  is  diftinguifhable  from  the  Idea  of  Sound, 
which  arifes  in  the  Mind  from  an  internal  Caufe. 

2-  Sound  is  every  thing  capable  of  being  heard, 
which  exifts  without  us,  in  a  tremulous  Motion  of 
the  Air  agitated  into  Waves.  But  with  regard  to 
ourfelves,  it  is  a  Mode  of  thinking  or  perceiving 
Ideas  in  the  Mind,  which  every  one  is  fenflble  of, 
and  no  one  can  explain. 

3  That  the  Air  is  the  Inftrument  or  Medium  of 
Sound  is  evident,  flnce  without  it  no  Sound  can  be 
heard.  That  the  Air  is  the  Medium  which  con¬ 
veys  Sounds,  may  appear  among  other  Experi¬ 
ments  from  the  following ;  namely,  becaufe  the 
Sound  of  a  Bell  which  I  now  hear  being  clofe  to 
it,  will  in  a  Second  of  Time  be  heard  by  another 
Perfon  at  the  Diftance  of  a  thoufand  Feet  from  the 
fame  Bell.  But  Water  is  not  the  true  and  ade¬ 
quate  Medium  of  Sound,  although  Fifties  are  ca¬ 
pable  of  hearing  by  it ;  for  the  tremulous  Motion 
of  the  Air  is  continued  from  thence  confufedly 
through  the  Water,  but  that  Communication  will 
be  cut  off  if  all  die  Air  is  extracted  and  excluded. 
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4  Sound  being  once  formed  continually  Iofes  it- 
felf,  and  is  fpread  to  other  Parts  where  it  may  be 
heard  ;  nor  is  it  the  fame  Sound  that  continues  to 
be  heard,  but  others  which  arife  after  the  firft. 
We  are  much  deceived  if  we  judge  Sound  to  be 
one  continued  Motion  of  the  Air.  For  Example, 
let  there  be  a  large  pendulous  Bell,  namely,  a  hol¬ 
low  copper  Body  approaching  the  Shape  of  a  Cone  ; 
and  let  it  be  ftruck  gently  in  the  Rim,  a  Sound 
will  arife  which  will  continue  for  fome  time,  and 
feem  conftant,  provided  no  Alteration  is  made  in 
the  Bell.  But  if  the  Hand  is  applied  at  that  In- 
ftant  when  the  Sound  arifes,  fo  as  to  flop  the 
Tremors  of  the  Metal,  the  Sound  will  then  perifli 
as  to  ourfelves,  fo  as  to  be  no  longer  audible  ;  but 
a  Perfon  who  is  968  Englijh  Feet  diftant  from  the 
Bell,  when  it  was  firft  ftruck,  will  hear  the  fame 
Sound  exa&ly  after  the  Space  of  a  Second  of  Time  ; 
and  then  after  another  3600th  Part  of  an  Hour, 
the  fame  Sound  will  be  heard  by  a  Perfon  who  is 
almoft  near  2000  Feet  diftant.  Therefore  the  firft 
Sound  which  you  fupprefied  in  its  Origin  by  the 
Hand,  was  not  durable  or  permanent  for  any 
time,  but  it  is  loft  the  Moment  after  it  is  perceived 
by  the  Jiar,  and  in  the  fecond  Minute  of  time  ano¬ 
ther  Sound  fucceeds  the  former  and  affe&s  the  Ear, 
and  fo  a  third  in  a  continued  Succefiion.  Sound 
therefore  is  continually  deftroyed  but  maintained 
and  renewed  by  other  Sounds  from  the  trembling 
Bell ;  but  if  you  fupprefs  the  Tremor  of  the  Bell, 
then  the  whole  Tone  or  Sound  is  at  once  deftroy¬ 
ed.  Therefore  a  Angle  Vibration  of  a  Chord  is 
not  audible,  but  if  the  fbnorous  trembling  Body 
which  is  ftruck,  caufes  the  Air  to  recede  and  return 
alternately  to  a  certain  Number  of  times  in  a  gi¬ 
ven  Space,  then  that  Number  of  Impulfions  or  vi¬ 
brating  Motions  of  the  Air,  which  are  made  in  a* 

given 
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given  time  by  the  fonorous  Body  are  called  Sound. 
This  Dodtrine  has  been  elegantly  treated  by  Monf. 
Sauveur ,  Hifi.deVAcad.  arm .  1700.  p.  172.  He 
made  ufe  of  one  of  the  largeft  Church-organs,  in 
which  the  Tones  are  very  diftinft,  and  may  be 
continued  to  any  time  with  Pleafure ;  which  can¬ 
not  fo  well  be  done  by  any  other  mufical  Inftru- 
ment.  The  largeft  Pipe  of  all  in  the  Organ  makes 
the  whole  Church  tremble,  when  it  yields  the  due 
Tone;  but  if  the  fame  Pipe  was  perfectly  cylin¬ 
drical,  and  of  the  fame  Diameter  on  all  Sides,  it 
would  not  yield  any  Tone.  But  if  the  Air  which 
is  blown  in,  is  obliged  to  pafs  through  a  narrow 
Aperture,  then  a  Tone  or  Sound  arifes ;  whence 
it  follows,'  that  Sound  is  not  a  bare  blowing  thro* 
of  the  Air,  but  a  Collifion  or  beating  back  of  the 
fame  in  an  undulatory  Motion.  If  thefe  Undulati¬ 
ons  of  the  Air  are  too  flow,  and  not  repeated  in  a 
fufficient  Number  in  a  given  time,  it  will  not  be 
perceived  by  our  Ears,  even  though  it  may  per¬ 
haps  be  audible  to  other  Animals.  If  the  Artift 
makes  the  Pipe  too  fmall,  it  yields  an  intolerable 
Stridor  or  Squeaking ;  and  betwixt  this  difagree- 
able  Stridor  and  too  great  a  Tone,  which  is  not 
audible,  is  the  Limits  of  audible  and  true  Tones  ; 
which  arife  from  a  juft  Number  of  Undulations  in 
the  Air  in  a  given  time,  being  neither  too  frequent 
nor  too  flow  in  their  Succeflion. 

5  A  tremulous  or  reciprocal  Vibration  of  the 
Air.  But  the  Vibration  is  faid  to  be  reciprocal, 
when  it  is  impelled  one  Moment  from  A  towards 
B,  and  the  next  Moment  returns  again  from  B 
towards  A  :  for  a  continued  or  equable  Motion  of 
the  Air  however  ftrong,  never  produces  Sound, 
The  moft  fwift  and  ftrong  Wind  will  yield  no 
Sound  of  itfelf ;  and  if  you  ftand  in  a  level  Plain, 
you  will  not  perceive  any  Sound,  except  what  ari- 
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fes  from  the  Collifion  of  it  againft  the  Surface  of 
the  Earth,  and  againft  your  own  Cloaths.  And 
in  the  moft  violent  Storm  of  Wind  upon  the  Sea, 
there  is  no  other  Sound  to  be  heard  *  but  that  ari- 
fing  from  the  Conflidt  and  Clalhing  of  the  Waves* 
The  greateft  Force  of  the  Wind  blowing  upon  a 
moft  high  Tower,  affords  no  other  Sound  than 
that  which  proceeds  from  the  Collifion  of  the  Air 
againft  the  Walls,  which  is  indeed  a  Sound  terri¬ 
ble  enough,  arifing  from  the  Stones,  and  not  from 
the  Air  alone.  Thefe  reciprocal  Motions  of  the 
Air,  which  we  call  Tremors,  produce  Sound, 
when  five  or  fix  hundred  of  them  fucceed  each 
other  within  the  Space  of  a  Second  ;  whereas  if 
fewer  Tremors  fucceed  each  other  in  that  Space 
of  time,  no  Sound  follows.  If  a  mufical  Chord 
which  founds  the  loweft  Note  of  all  the  Bafe,  be 
fo  loofely  ftretched,  that  after  touching  it  one  may 
count  the  Vibrations,  it  will  never  produce  any 
Sound.  Even  if  it  be  ftretched  a  little  more  pow¬ 
erfully,  it  will  not  properly  afford  a  Sound,  fo 
long  as  the  alternate  Vibrations  of  it  can  be  enu¬ 
merated.  But  when  it  has  been  fo  far  ftretched 
as  to  vibrate  feveral  hundred  times  in  the  Space  of 
a  Second,  it  will  then  by  ftriking  yield  a  grave 
Tone,  which  will  by  Degrees  become  more  acute, 
as  it  is  more  powerfully  ftretched  ;  infomuch  that 
when  the  tenfe  Chord  is  near  upon  breaking,  it 
yields  a  moft  acute  or  fhrill  Tone.  From  thefe 
Confiderations  it  follows,  that  Sound  is  a  tremu¬ 
lous  Motion  of  the  Air,  excited  into  fuch  quick 
Vibrations,  as  to  go  and  return  fo  many  times  in 
the  Space  of  a  Second,  as  are  reckoned  in  the 
Memoirs  of  the  Royal  Academy  at  Paris ,  am. 
1700.  p.  172.  If  there  are  more  than  the  largeft 
Number  of  Vibrations  there  limited  in  the  Space 
of  a  Second,  namely,  6400,  it  will  not  produce 
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the  Idea  of  Sound  in  us ;  if  there  are  fewer  Vibra¬ 
tions  in  the  fame  Space,  namely,  than  12!  in  a 
Second,  we  fhall  not  then  be  capable  of  perceiving 
any  Sound,  although  there  may  be  other  Animals 
to  which  fuch  a  Sound  may  be  audible  enough. 

Bells  are  ufually  caft  of  the  molt  elaftic  of  all 
Metals  ;  for  foft  Metals,  fuch  as  Lead  do  not 
yield  any  Sound.  A  Bell  formed  of  fuch  elaftic 
Metal  may  be  divided  in  the  Imagination  into  Cir¬ 
cles  or  Sedions,  which  while  at  reft,  are  equally 
diftant  from  the  Center  ;  but  when  any  Impulfe, 
though  fmall,  preftes  more  upon  one  Point  of  the 
Periphera  than  upon  another,  the  Figure  of  the 
Circles  which  compofe  the  Bell  will  be  changed  in¬ 
to  an  Ellipfis,  as  is  apparent  to  the  Eye,  and  as 
may  be  demonftrated  by  tying  a  Thread  round  the 
Bell.  But  fo  foon  as  the  Stroke  is  removed  from 
the  Bell,  it  not  only  continually  returns  into  a 
Circle,  but  its  Sides  recede  beyond  the  Circle,  fo 
as  to  form  an  Ellipfis  greater  than  a  Circle  ;  and 
therefore  the  whole  Bell  has  a  Body,  all  the  Secti¬ 
ons  of  which  are  Circles  continually  changing  their 
Figure  into  an  Ellipfis,  and  of  returning  again  in¬ 
to  that  of  a  Circle.  By  this  Receftion  and  return¬ 
ing  of  the  Sides  of  the  Bell,  the  ambient  Air  is 
confequently  obliged  in  like  manner  to  pafs  to  and 
from  the  fame ;  fo  that  if  the  Bell  be  left  to  itfelf 
for  a  few  Seconds  of  Time  after  it  has  been  ftruck, 
it  continues  to  fend  forth  a  Tone  by  the  continual 
Tremor  of  its  Sides  agitating  the  Air;  which 
Tone  would  not  be  audible  if  the  Tremor  was 
fupprefted  by  applying  the  Hand. 

6  The  fonorous  Body  is  that  which  fo  changes 
the  Air,  as  to  produce  Sound.  For  the  Sound  is 
not  in  the  Bell  which  we  fay  rings,  but  in  the  Air 
which  the  Bell  itfelf  agitates  by  its  alternate  tremu¬ 
lous  Motion  of  contracting  and  dilating,  by  which 
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you  may  perceive  fmall  Grains  of  Sand  to  be 
ftruck  off,  as  well  as  the  Particles  of  the  Air  by 
the  tremulous  Motion  of  the  Bell,  which  being 
compofed  of  elaftic  Metal,  is  changed  from  a  CM 
cle  to  an  Eilipfis  by  the  Stroke,  which  may  be 
demonflrated  even  to  the  Eye  itfelf,  and  by  tying 
round  a  Thread.  But  then  this  Eilipfis  does  not 
continue,  becaufe  the  Elafticity  of  the  Metal  re- 
flores  it  to  its  former  Circle  ;  after  which  it  re¬ 
turns  again  to  the  Eilipfis,  and  fo  to  the  Circle 
again  alternately,  fo  as  to  comprefs  the  contiguous 
Air,  and  caufe  it  to  flow  from  and  return  back 
again  to  its  Surface.  But  if  the  Hand  is  fuddenly 
applied  or  prefifed  upon  the  Bell  after  it  has  been 
ftruck  with  a  Hammer,  thefe  alternate  Incurfions 
and  Excurfions  of  its  Sides  will  be  fupprefied  fo 
as  to  deftroy  the  Sound,  which  would  otherwife 
have  continued  for  three  Seconds,  if  the  Eland 
had  been  kept  off  from  it. 

7  From  which  Center  the  Sound  is  diffufed  or 
propagated  as  from  the  Center  of  a  Circle  by  equal 
R.adn,  ttt  me  fame  time  towards  every  Point  of  a 
Sphere.  By  the  Propagation  of  a  Sound  we  mean, 
that  when  the  fame  Sound  which  was  heard  in  the 
Place  A,  ceafes  to  be  any  longer  heard  there, 

paffing  on  to  the  Place  B,  where  it  becomes 
audible,  GtV. 

8  Let  us  fuppofe  a  Circle  defcribed,  of  a  Mile 
diameter,  in  the  Center  of  which  is  the  Bell  5  and 
let  us  fuppofe  the  whole  Peripheral,  or  Circumfe- 
ience  of  the  Circle,  beiet  witn  the  Ears  of  healthy 
People  •,  in  ‘.that  Cafe  every  Perfon  will  certainly 
perceive  the  Sound  of  the  Bell  equally  diftind, 
and  cxadly  at  the  fame  time.  But  now  let  us 
fuppofe  a  Wall  eroded  again  ft  one  Side  of  the 
Bell,  the  Sound  will  be  thereby  repelled  ;  and  at 
feme  Diftance  from  the  firft  Wall,  kt  another  be 


ereded 


164  Of  the  Hearing.  §.  547. 

erected  higher  than  the  former  :  in  that  Cafe  the 
Sound  will  not  be  heard  in  the  former  Place,  but 
only  in  that  Part  to  which  it  is  determined  by  the 
Reflexion  of  the  Wall.  Thefe  FaCts  are  eaflly 
proved  by  Experiments,  namely,  that  Sound  is 
propagated  in  right  Lines  every  way  from  the  fo- 
norous  Point  or  Center,  in  the  fame  Manner  as 
Light  which  is  emitted  in  Rays  from  a  luminous 
Body. 

9  When  the  Preacher  fpeaks  in  the  Pulpit,  the 
Audience  who  attend  to  the  Sermon,  do  not  hear 
the  V oice  of  the  Preacher  Ample  or  uncompound¬ 
ed  ;  but  they  hear  the  Voice  after  it  has  buffered 
an  infinite  Number  of  Reflexions  from  the  Roof, 
Pavement,  W  alls,  and  every  other  hard  Body  in 
the  Church :  and  from  hence  arifes  an  infinite 
Number  of  Echoes,  all  which  are  not  diftinguifti- 
ed  from  the  firfl  original  Sound.  Hence  it  is  that 
an  Oration  in  a  Church  which  is  walled,  is  more 
diftin&ly  perceived  *,  whereas  the  fame  would  be 
very  weak  and  hardly  audible,  if  it  was  delivered 
to  the  People  in  an  open  Field.  For  an  Echo  by 
reafon  of  the  continual  Succefiion  of  Sound,  will 
return  the  fame  moll  diflinCtly,  when  the  Wall  is 
five  hundred  Feet  difiant  from  the  Mouth  of  the 
Perfon  who  is  fpeaking  ;  fo  that  the  whole  Inter¬ 
val  of  the  Paflage  of  the  original  and  reflexed 
Voice,  may  anfwer  to  a  Second  of  a  Minute  :  but 
if  the  Wall  {lands  at  half  the  forementioned  Di- 
ftance  it  will  indeed  repeat  the  Sound,  but  then 
the  reflexed  Sound  will  continually  follow  the  Ori¬ 
ginal  *,  and  if  the  reflecting  Obftacle  is  {till  nearer 
to  the  Mouth  of  the  Speaker,  in  that  Cafe  the 
Echo  will  not  be  perceived,  but  mixing  itfelf  to¬ 
gether  with  the  Voice  of  the  Perfon  fpeaking,  will 
render  the  fame  ftronger.  And  therefore  the 
Voice  of  a  Preacher  will  be  obfcure  and  weak  if 

alone. 
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alone,  but  ftrong  when  accompanied  widi  an  infi¬ 
nite  Number  of  remedied  Voices :  and  in  the  lame 
manner  when  a  muficai  Chord  is  llruck  in  the  open 
Air,  it  affords  little  or  no  Sound  ;  but  if  the  fame 
Chord  is  fufpended  in  the  middle  of  a  hollow 
Tortoife-fhell,  it  will  afford  a  ftrong  Sound.  In 
fearching  after  Plants  in  ftormy  Weather,  among 
the  fandy  Mountains  of  Holland ,  I  have  heard  the 
roaring  of  the  Sea  remedied  from  the  Mountains ; 
but  upon  going  down  to  the  Vale,  it  gave  me  not 
a  little  Surprize  to  find  myfelf  encompaffed  on  all 
Sides  with  a  moft  profound  Silence.  When  I  af- 
cended  again  to  the  next  Hill,  the  former  Noife 
was  again  audible,  fo  long  as  the  roaring  of  the 
Sea  refle&ed  by  the  Mountains  could  reach  the 
Ears  of  a  Perfon  (landing  upon  an  Eminence  or 
high  Place  ;  but  fo  foon  as  one  is  arrived  to  a  Part 
of  the  Vale  enclofed  on  all  Sides  by  the  Hills,  fo 
that  the  adjacent  Sound  cannot  be  reflected  from 
them  to  the  Ears,  in  that  Cafe  the  roaring  of  the 
adjacent  Sea  becomes  not  at  all  perceptible. 

10  The  Rays  of  Light  are  propagated  or  fpread 
with  fo  great  a  Velocity,  that  their  Succeffion  may 
be  efteemed  as  nothing  with  refpe6t  to  Time  ; 
though  the  Velocity  of  it  is  eftimated  by  the  cele¬ 
brated  Roemure.  But  Sound  moves  with  a  much 
lefs  Velocity  •,  for  it  is  found  by  Experiment  that 
Sound  runs  over  near  a  thoufand  Englijh  Feet  in  a 
Second  of  Time,  and  not  being  accelerated  in  its 
Courfe  it  paffes  through  ten  thoufand  Feet  in  the 
fixth  Part  of  a  Minute,  fuppofing  the  Air  to  be 
calm  in  the  Night-time,  while  the  Experiment  is 
performed  by  three  Perfons  in  a  Plain,  one  of 
which  being  armed  with  a  Gun,  and  the  other 
(landing  with  a  Pendulum,  while  the  third  being 
a  thoufand  Feet  diftant  carefully  attends  to  the 
Light  and  to  the  Sound  of  the  Gum  So  foon  as 
tM:-k  M  3  tho. 
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the  Brightnefs  of  the  Gunpowder  is  perceived,  a 
fecond  and  a  third  Vibration  of  the  Pendulum  will 
pafs  before  the  Sound  begins  to  be  heard,  which 
will  be  in  the  third  Vibration  of  the  Pendulum. 
It  is  found  by  comparing  the  Numbers  of  both 
Obfervers,  that  the  Light  was  perceived  by  both 
at  the  fame  Infbant  of  Time,  but  that  the  Noife 
or  Sound  came  three  Seconds  of  a  Minute  after-* 
wards.  This  Celerity  of  the  Sound  is  fufficient 
for  the  Security  of  human  Life ;  for  all  Sounds 
which  require  our  Attention  come  from  adjacent 
Bodies,  and  the  Succeftion  of  Time  is  fo  fmall  as 
to  be  fcarce  perceptible,  when  the  Diftance  is  lefs 
than  a  thouland  Feet.  But  if  we  perceive  more 
Sounds  and  from  more  diftant  Parts,  they  are  con- 
fufed  by  the  Multitude  and  Reflexion  of  them. 
But  Light  comes  from  a  Diftance  almoft  infinite, 
and  if  that  was  to  take  up  fo  much  Time  in  its 
Paflfage,  we  fhould  not  be  capable  of  making  any 
Obfervations  in  the  Heavens.  See  N°.  4. 

11  Several  Experiments  were  made  with  regard 
to  this  by  the  Grand  Duke  of  tfv.fcany.  He  chofe 
out  one  of  the  moft  plain  Parts  of  his  Country, 
and  difpofed  Obfervers  at  known  Diftances,  who 
difcharged  Guns  loaded  with  different  Quantities 
of  Powder.  Others  were  placed  alfo  with  Pendu¬ 
lums,  the  Vibrations  of  which  they  numbered  be¬ 
twixt  the  firft  Appearance  of  the  Light  and  the 
Sound  following ;  by  which  means  they  found 
that  the  Report  of  a  Gun  charged  with  a  great 
Quantity  of  Powder,  extended  itfelf  in  the  fame 
Time  to  a  great  Diftance,  (as  for  Example,  ten 
thoufand  Feet)  with  the  Report  of  a  Gun  charged 
with  a  fmall  Quantity  of  the  fame  Powder ;  fo 
that  there  arofe  no  Difference  in  the  Velocity  of 
the  Sound  from  the  Strength  of  the  Report :  nor 
did  the  Pendulum  vibrate  oftner  betwixt  the  Flafh 

and 
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and  Report  of  a  Hand-gun,  than  betwixt  the 
Light  and  Noife  of  a  Cannon  carrying  a  Ball  of 
thirty-fix  Pounds.  It  is  therefore  evident  that  a 
large  and  a  fmall  Sound  are  propagated  with  equal 
Celerity  ;  and  therefore  it  is  not  in  the  Power  of 
Man  to  increafe  the  Velocity  of  Sound.  In  the 
fame  manner  a  Stone  flung  into  ftagnant  Water 
excites  it  into  circular  Waves,  which  move  with 
the  fame  Celerity  whether  the  Stone  was  thrown 
with  a  fmall  or  great  Force.  Thefe  Waves  arife 
becaufe  the  Stone  deprefles  the  Surface  of  the 
Water  upon  which  it  ftrikes,  by  which  means 
the  adjacent  Water  is  raifed  above  the  Surface 
of  the  reft,  in  proportion  to  the  Depreflure 
made  by  the  Stone ;  but  the  next  Moment  the 
Wave  of  Water  which  rofe  above  the  Horizon 
defcends  and  is  fucceeded  by  another  circular 
Wave,  &c. 

11  If  a  Perfon  difcharges  a  Gun  in  the  middle  of 
the  Night  upon  a  Plain  ;  and  if  from  that  Perfon 
another  is  difpofed  at  the  Diftance  of  a  thoufand 
Feet  with  a  Pendulum  towards  the  South,  when 
the  North  Wind  blows,  and  another  Perfon  is 
likewife  placed  with  a  Pendulum  at  the  fame  Di¬ 
ftance  towards  the  North,  in  fuch  a  manner  that 
the  three  Obfervators  are  placed  in  the  fame  Line 
of  Dire£fion  with  the  Wind :  in  that  Cafe  by 
counting  the  Vibrations  of  the  Pendulum  betwixt 
the  Flafh  and  the  Report,  the  fame  Number  of 
Vibrations  will  pafs  betwixt  the  hearing  of  the 
Sound,  as  well  with  the  Perfon  who  is  placed  with 
the  Wind,  as  with  the  other  Perfon  who  is  oppo^ 
fite  to  the  Wind.  Whence  it  appears  that  Sound 
is  not  accelerated  or  retarded  by  the  Wind.  The 
fame  Succefs  has  been  obferved  from  the  like  Ex¬ 
periments  repeated  twenty  times,  and  even  at 
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greater  Diftances,  as,  for  Inftance,  at  the  Diftance 
of  three  Italian  Miles  *,  infomuch  that  the  Sound 
could  never  be  obferved  accelerated  one  Vibration 
of  the  Pendulum  by  paffing  with  the  ftrongeft: 
Wind,  nor  yet  retarded  one  fingle  Vibration  by 
the  Oppofition  of  the  Wind.  That  Sound  lhould 
be  thus  difpofed  to  fpread  itfelf  equally  was  necef- 
fary  to  the  Advantage  of  human  Life.  Nor  is  it 
at  all  difficult  to  explain  this  feeming  Paradox. 
Mariot  has  calculated  the  greateft  Velocity  with 
which  a  Wind  feems  to  run,  and  found  it  to  be 
flower  than  is  commonly  thought,  even  at  a  time 
when  it  was  ftrong  enough  to  blow  down  Houfes. 
In  the  fame  manner  a  Lad  can  eafily  keep  Pace 
with  the  Waves  of  Water  moved  with  a  great 
Impetus.  The  Wind  therefore  having  fo  flow  a 
Motion,  cannot  much  alter  the  Courfe  of  the  more 
fwift  Sound  in  fo  fmall  a  Diftance  as  to  be  audible 
to  our  Ears :  but  for  greater  Diftances  the  Expe¬ 
riment  cannot  be  made,  becaufe  the  Incurvation 
or  globular  Figure  of  the  Earth  will  not  admit  the 
Obfervators  to  be  placed  at  greater  Diftances  in  a 
right  Line.  But  by  thefe  Experiments  it  is 
found,  that  the  Power  or  Strength  of  a  Sound  is 
diminifhed  by  an  oppofite  Wind  ;  whereas  thofe 
who  hear  a  Sound  brought  with  the  Wind,  do  not 
hear  the  fame  fooner  though  they  hear  it  ftronger 
than  thofe  who  are  placed  in  an  oppofite  Direction 
to  the  Wind,  who  hear  it  weaker. 

13  The  undulatory  Motion  of  the  Air  commu¬ 
nicates  its  Tremors  to  elaftic  Bodies,  which  Tre¬ 
mors  become  audible  when  thofe  elaftic  Bodies  are 
fonorous.  If  the  Undulations  of  the  Air  make 
any  Quantity  of  Sound  which  is  one  Ocftave  more 
grave  than  the  Tone,  which  would  arife  from  the 
fame  Sound  that  might  have  followed  from  the  fo- 
noroijs  Body,  if  it  was  ftruck  without  a  Medium  j 
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in  that  Cafe  the  Tremors  of  the  Air  will  excite 
Tremors  in  that  Body,  even  though  they  do  not 
come  into  contact  with  the  fame.  For  Example, 
take  a  mufical  Chord  of  two  Feet  in  Length,  and 
take  another  Chord  of  a  Foot  long,  but  of  the 
fame  Size  and  Make,  and  (tretched  by  the  fame 
Weight  to  an  equal  Degree  of  Tenficn  ;  and  in 
that  Cafe  the  Tone  of  the  longer  Chord  may  be 
termed  an  Oftave  lower  than  the  fhorter  Chord, 
which  may  be  faid  to  be  one  Odtave  higher,  as 
the  other  may  be  faid  to  be  lower.  If  now  the 
longer  of  thefe  Chords  is  (truck,  the  fhorter  one 
will  found  even  though  no  Alteration  be  made  in 
it,  and  will  yield  a  Tone  one  Odtave  higher  than 
it  naturally  yields ;  which  may  be  diflindtly  per¬ 
ceived  by  the  Ear,  by  fuddenly  flopping  the  Tone 
of  the  longer  two  Foot  Chord,  while  that  of  the 
one  Foot  continues  to  found.  Again,  let  there  be 
another  Chord  of  half  a  Foot  in  Length,  and 
flretched  as  before  *,  the  whole  Length  of  it  will 
found  and  tremble,  if  either  the  two  Foot  or  An¬ 
gle  Foot  Chord  is  (truck ;  and  if  the  Chord  of 
two  Foot  long  is  (truck,  both  that  of  the  one 
Foot  and  of  the  half  Foot  will  tremble  and  found. 
And  in  general  every  Chord  whofe  Tone  is  one 
Odtave,  a  fifth  or  a  third  greater  or  lefs  in  Gra¬ 
vity,  that  Chord  will  caufe  a  Tremor  in  fimilar 
Chords  which  found  an  eighth,  a  fifth,  or  a  third 
greater  or  lefs  but  more  acute.  From  hence  we 
infer  that  a  fimple  and  pure  Sound  is  never  heard  ; 
for  there  is  no  Place  which  does  not  reflect  Sound, 
which  wherever  produced,  is  accompanied  with  a 
Tremor  of  all  Bodies  which  yield  a  Tone  above 
an  Odtave,  fifth  or  third  greater  or  lefs,  and  of 
their  Octaves  ad  infinitum ;  all  which  fecond^ry 
Sounds  are  confounded  or  mixed  into  one,  fo  as 
not  to  be  Separable  or  diftinguifhable  by  our  Ears. 

In 
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In  the  fame  manner  in  one  Tone  or  Note  upon 
mufical  Inftruments,  there  are  contained  an  infi¬ 
nite  Number  of  others;  namely,  all  the  Qdaves, 
fifths,  and  greater  or  leffer  thirds  with  all  their 
Odaves  which  tremble  together  with  the  Chord 
or  other  Body  which  yeilded  the  firft  original 
Tone.  Even  if  a  Perfon  was  to  mount  upon  a 
flying  Horfe,  like  Bellerophontes  above  the  Cities 
and  higheft  Mountains,  in  order  to  dilcern  what 
a  Ample  Tone  or  Sound  is  in  itfelf ;  even  then  he 
would  be  deceived,  for  the  acceflary  Sounds  of  the 
Horfe  and  his  Rider  would  mix  with  and  be  re- 

fieded  together  with  the  Ample  Sound. - This 

Sound  compofed  of  an  inflnite  Number  of  others, 
fo  as  to  be  hardly  explicable  by  any  mechanical 
Laws,  is  the  Objed  of  hearing.  I  have  endea¬ 
voured  with  inAnite  Labour  to  afcertain  univerfal 
phonergic  Laws,  but  after  being  involved  for  the 
Space  of  two  Years,  the  Difficulty  attending  the 
Subjed  hardly  allowed  me  to  make  any  Progrefs. 

§.  548.  Hence  therefore  we  learn  that  the 
fmooth  1  Membrane  of  the  external  Ear, 
anointed  in  its  external  Cavity  with  a  Lini¬ 
ment  2,  but  almoft  without  any  Fat  3,  is  firm¬ 
ly  ftretched  upon  a  thin  dailic  and  tremulous 
Cartilage  4,  which  adheres  by  a  cartilaginous 
Bafis  to  the  Os  temporale ;  fo  that  being  thus 
in  a  State  of  Tenfion,  it  receives  and  flrongly 
reflects  together  the  fonorous  Rays  without 
fuffocating  or  changing  5  them. 

1  This  fmooth  Membrane  is  neither  loofe  nor 
Auduating,  but  tenfe  and  poliAied  without  any 
Wrinkles ;  and  by  that  means  is  well  adapted  to 
receive  and  refled  together  the  fonorous  Rays, 

which 


§.  54^-  Of  the  Hearing .  171 

which  are  not  at  all  loft  or  fmothered  by  the  fmaJl 
Hairs  growing  in  this  Membrane  for  Hairs  are 
the  moft  fonorous  of  any  Bodies :  and  thus  Kir- 
cher  has  obferved,  that  the  Leaves  of  the  Trees  in 
a  Wood  reflect  an  agreeable  Echo  which  cannot 
be  perceived  in  the  Winter,  when  the  Leaves  of 
the  Trees  are  fallen  off. 

*  This  Liniment  is  formed  in  Cryptas  or  Cells, 
which  tranfude  an  oily  Cerate  to  preferve  the 
Membranes  of  the  Ear  in  a  due  State  of  Tenfion ; 
which  Membranes  would  be  deftroyed  if  they  were 
to  grow  dry,  in  the  fame  manner  as  mufical  Chords 
perifh  if  they  are  not  defended  with  Oil  or  Refin. 
That  this  Oil  is  perpetually  feparated  or  prepared 
in  this  Membrane  is  evident,  fince  if  the  Ear  be 
rubbed  a  hundred  times  in  an  Hour  with  a  Piece 
of  black  Velvet,  there  will  be  continually  new 
Sordes  wiped  off,  and  vifible  to  the  naked  Eye 
upon  the  Velvet. 

3  Under  this  Skin  even  the  moft  corpulent  Peo¬ 
ple  have  no  Fat,  which  would  have  fuppreffed  the 
Reflexion  of  the  fonorous  Rays  by  the  fubjacent 
Cartilage,  if  it  refided  there  but  in  the  fmalleft 
Quantity.  This  we  fpeak  with  regard  to  the 
Wing  of  the  external  Ear  without  including  the 
Lobe. 

4  The  Ear  is  at  Liberty  on  all  Sides,  and  fafi> 

ned  to  one  Side  of  the  Head  by  the  Intervention 
of  a  tremulous  Cartilage :  that  is  to  fay,  one  of  the 
moft  elaftic  Parts  in  the  Body,  namely,  a  Carti¬ 
lage  is  conjoined  to  one  of  the  hardeft  Parts,  the 
temporal  Bone,  fo  as  to  produce  an  Organ  the 
moft  apt  to  reflect  or  return  fonorous  Rays  toge¬ 
ther.  J  & 

5  Which  ever  way  the  Head  is  viewed,  either 
one  Ear  or  the  other  always  offers  itfelf  to  the 
Sight  j  nor  does  it  matter  much  whether  you  look 

either 
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cither  before  or  behind  or  fideways.  In  whatever 
Courfe  therefore  the  fonorous  Rays  extend  to  the 
Head,  they  mud  neceffarily  reach  the  Ears  on  one 
Part  or  the  other,  which  being  elaftic  Cartilage 
will  reflect  into  the  Ear  many  fonorous  Rays  which 
come  from  Points  trembling  with  thofe  external 
Sounds,  or  their  eighths,  fifths,  or  thirds,  by 
which  new  Sounds  being  produced  will  increafe 
the  original  Sound  (§.  547.)*  Hence  therefore 
we  are  furnifhed  with  two  Ears  ;  for  if  we  had  but 
one  many  of  the  fonorous  Rays  would  be  loft ; 
and  hence  thofe  People  who  have  loft  the  Ufe  of 
one  Ear,  are  obliged  to  move  their  Head  different 
ways,  to  take  in  the  Sounds  which  come  from 
every  Side. 

§.  549.  But  in  the  Figure  of  the  external 
Ear,  there  are  many  Particulars  which  deferve 
to  be  remarked :  fuch  as  its  confiderable  Emi¬ 
nence,  being  raifed  on  each  Side  above  the  Os 
temporale,  by  which  fcarce  any  fonorous  Rays 
can  efcape  either  one  Ear  or  the  other ;  and 
its  three  fpiral 1  Ridges  or  Folds,  which  by 
their  Fabric,  Pofition,  and  Courfe,  being  in¬ 
clined,  intorted  and  meeting  together,  occa- 
fion  the  fonorous  Rays  emitted  from  any 
Point  to  be  received  by  one  of  the  Ears  or  by 
both  in  a  fufficient  Quantity,  where  being  re- 
jleffed  2  without  Alteration  they  are  then  uni¬ 
ted  together,  and  drove  through  the  external 
Concha  or  Shell-like  Cavity  in  the  Wing  of 
the  external  Ear. 

1  Thefe  fpiral  Ridges  with  which  the  human 
Ears  are  furnifhed,  fupply  the  Deficiency  of  their 
Motion,  which  we  obferve  to  be  much  greater  in 
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the  Ears  of  other  Animals.  For  in  every  human 
Ear  there  are  three  fpiral  Ridges  or  Eminences 
of  the  Cartilage  difpofed  in  fuch  a  Curve,  that 
there  is  a  free  Paflage  from  one  into  the  other,  fo 
as  to  reflect  the  fonorous  Rays  from  the  exterior 
Zone  or  Ridge  to  the  interior,  from  thence  into 
the  third,  and  from  thence  again  the  Rays  are  de¬ 
termined  into  the  Concha.  The  Ears  are  thus 
formed,  becaufe  they  are  not  eredted  perpendicu¬ 
larly  ;  for  if  they  were  fo  framed  by  Nature,  they 
would  reflect  the  fonorous  Rays  out  again  from 
the  Ear  •,  but  by  this  Inclination  of  the  Ridges  to¬ 
wards  the  internal  Cavity  of  the  Ear,  the  fonorous 
Rays  which  fall  upon  them,  are  directed  inward 
to  the  auditory  Paflage.  I  took  off*  the  Imprefii- 
on  or  Figure  of  the  Ear  in  Wax  from  a  Perfon 
who  had  that  Senfe  in  the  greatefl:  Perfection  •,  and 
to  my  Surprize  I  obferved,  that  if  a  Line  was 
drav/n  from  any  fonorous  Point  to  any  Point  of 
the  protuberant  Cartilage  in  the  external  Ear  com¬ 
paring  it  with  a  right  Line,  the  Angle  of  Re¬ 
flexion  meafured  equal  to  the  Angle  of  Incidence, 
and  that  the  laft  Reflexion  always  fell  upon  the 
auditory  Paflage  after  many  and  often  repeated  In- 
curfions,  fo  that  the  common  Focus  of  the  Curves 
defcribed  by  the  Eminences  falls  in  the  auditory 
Paflage.  I  once  made  it  the  Buflnefs  of  a  whole 
Year  to  explain  this  beautiful  Theory.  The  fame 
Fabric  was  alfo  imitated  by  Dionyftus  the  Sicilian 
Tyrant  in  the  building  of  his  Prifon  ;  for  he  made 
it  perfectly  fpiral,  and  placed  the  Prifoners  in  the 
Center  of  the  Spire,  by  which  means  the  Words 
which  they  fpoke  with  a  low  Voice  were  capable 
of  being  heard  as  if  they  had  talked  aloud.  ‘  But 
the  Ears  of  Brutes  have  not  thefe  fpiral  Eminen¬ 
ces,  but  inftead  thereof  their  Ears  are  moveable. 
In  the  Horfe  and  moft  Quadrupeds,  the  Ear  re- 
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fembles  an  oblique  Sedlion  of  a  Cone,  fo  as  to  ad¬ 
mit  only  the  Air  in  their  Fore-part.  But  the 
Horfe  and  other  Brutes  being  provided  with 
Mufcles,  are  capable  of  directing  their  Ears  every 
way  at  pleafure  towards  that  Quarter  from  whence 
the  Sound  comes,  that  the  Animal  may  be  capable 
of  hearing  more  diftindtly  any  obfcure  Sound. 
Even  in  general  it  is  a  Rule,  that  Animals  which 
have  fpiral  Ridges  in  the  Cartilages  of  their  Ears 
do  not  move  them,  and  the  Reverfe  •,  except 
fome  few  Perfons  who,  like  Midas ,  have  fuch  a 
Motion  in  their  Ears.  Add  to  this,  that  in  Man 
the  Head  is  extremely  moveable,  fo  that  he  can 
readily  turn  it  upon  the  flighted  Occafion  towards 
any  Sound  which  requires  his  Attention. 

a  I  mud  confefs  my  Opinion  to  be  different 
from  that  of  mod  Writers,  concerning  the  Re¬ 
flexion  of  Sounds.  For  it  is  commonly  fuppofed, 
that  all  Sounds  indifferently  may  be  reflected  from 
any  opake  Body.  But  1  am  perfuaded  that  the 
Number  of  Sounds  are  definite  and  determined  by 
j:he  Creator  of  all  things.  But  thefe  definite  Sounds 
falling  upon  fuch  Bodies  which  agree  with  the 
Tendon  of  that  Body  which  gave  Rife  to  the 
Sounds,  occafion  flmilar  Tremors  in  thofe  Bodies, 
which  is  what  we  ufually  call  a  Reflexion  of  the 
Sound.  Hence  therefore  among  harmonical  Bo¬ 
dies,  one  of  a  lower  Tone  never  trembles  with  a 
Body  of  a  more  acute  Tone.  But  if  you  enquire 
for  the  Reafon,  why  fome  Bodies  found  together, 
and  others  do  not  at  all  tremble  ;  it  is  to  be  deri¬ 
ved  from  the  Number  of  Undulations  which  are 
formed  in  a  given  time.  We  fay  two  Chords  are 
harmonical,  if  the  Number  of  their  Vibrations  in 
a  given  time  is  the  fame  in  each  ;  and  the  next 
moft  perfect  Harmony  after  an  Unifon,  is  that 
which  has  more  than  half  as  many  more  Vibrations 
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in  the  fame  time,  namely,  an  Oclave  higher  than 
the  former,  &c.  Hearing  then  is  an  harmonica! 
Vibration  or  Trembling  of  our  Ear,  ftruck  with 
the  fonorous  Body. 

§•  55°*  Opening  1  of  this  concous 

Cavity,  being  elaftic  and  free  on  all  Sides,  is 
furnifhed  with  two  or  three  Mufcles  2  behind, 
with  one  broad  above,  and  a  thin  one  before  3  • 
by  the  Action  of  which  Mufcles  the  Concha 
may  be  flattened,  expanded,  ftretched,  and 
adapted  to  receive  the  feveral  Tremors  which 
produce  Sound  5  and  it  is  fo  difpofed,  that  it 
can  more  clofely  unite  the  fonorous  Rays,  or 
elfe  difperfe  and  fcatter  them,  fo  as  to  mode¬ 
rate  a  ftrong  Sound,  and  increafe  a  weak  one, 
as  there  is  Occafion. 

1  This  Aperture  is  the  Beginning  of  the  internal 
Part  of  the  external  Ear.  For  the  Organ  of  Hear¬ 
ing  confifts  of  two  Parts,  the  one  external,  de- 
fcribed  before  (at  §.  549.)  together  with  the  Mea¬ 
tus  Auditorius  (§.551.)  and  the  Membrane  of  the 
Tympanum  (§.  552.);  but  the  internal  Ear  re¬ 
ceives  Sounds  from  the  external  as  through  a  Fun¬ 
nel,  by  an  Aperture  which  is  commonly  called  the 
IMeatus  Auditorius  j  but  the  internal  Ear  is  com- 
pofed  of  the  Cavity  of  the  Tympanum  with  the 
Caverns  of  the  Os  Petrofum,  namely,  the  femi- 
circular  Canals  and  the  Cochlea. 

The  pofterior  Mufcle  of  the  external  Ear  is 
threeiolu,  buc  moves  only  the  Concha,  and  pref- 
fes  the  fame  backward,  fo  as  to  dilate  the  Way  to 
the  auditory  P aflage.  When  this  Mufcle  is'  re¬ 
laxed,  the  Cartilage  of  the  external  Ear  reftores 
itfelf  by  its  own  Elafticity,  by  which  the  Concha 

is 
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is  again  contracted  :  and  thus  the  Cavity  of  the 
Concha  is  enlarged  or  diminilhed,  according  as 
the  Variety  of  Sounds  require. 

3  This  anterior  Mufcle  confra&s  the  Concha, 
antagonizes  the  former,  and  aflifts  the  Elaflicity 
of  the  Cartilage  of  the  external  Ear.  This  elaftic 
Nature  of  the  Concha  has  been  clearly  obferved  by 
Vcilfalva  and  Morgagni . 

§.  551.  The  Meatus  Auditorius  is  a  Tube  1 
compofed  partly  of  Cartilage  and  partly  of 
Bone,  lined  with  a  Membra?ie  2  like  that  be¬ 
fore-mentioned  (§.  548.)  becoming  gradually 
thinner,  is  extremely  nervous,  and  defended 
with  a  vifcid  Water  and  Wax  3  tranfuding 
from  the  fubjacent  Glands,  whence  it  is  ex¬ 
tremely  well  adapted  to  convey  Sounds  from 
without  inward  without  changing  or  corrupt¬ 
ing  4  them  5  but  the  Obliquity  of  this  Canal 
increafes  its  Surface  5,  and  multiplies  the  Points 
of  Reflexion  6  alfo  a  cartilaginous  triangular 
Tongue  7  ftands  eredt  and  tremulous  in  the  Ca¬ 
vity  of  the  Concha,  and  more  efpecially  op- 
pofite  to  the  Entrance  of  the  Meatus  Audito¬ 
rius,  and  being  furnilhed  with  a  proper 
Mufcle,  it  by  a  wonderful  Mechanifm  condu¬ 
ces  to  determine  all  the  fonorous  Rays  which 
fall  upon  the  Concha,  to  enter  the  auditory 
Paflage  without  flying  back  again,  being  re- 
fledled  inward  on  all  Sides.  The  Figure  of 
this  Paflage  is  tubular,  in  part  cylindrical  and 
part  elliptical,  afcending  and  defcending  in  a 
ierpentine  Courfe,  and  again  arifing,  it  termi¬ 
nates  in  the  Membrane  of  the  Tympanum, 
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fervmg  to  increafe  the  Reflexion  of  Sounds, 
and  determine  all  the  collected  Rays  to  fall  in 
the  middle  Center  of  the  Tympanum  without 
any  fenfible  clafhing. 

1  It  is  in  reality  a  Trumpet  or  phonergic  Tube, 
fonorous,  narrow,  elliptic,  conical  or  conoide, 
being  a  hollow  Body,  a  Section  of  which  is  an 
Ellipfis.  Part  of  this  Tube  is  the  broad  cartilagi¬ 
nous  Ear,  but  the  auditory  PafTage  is  that  Part 
which  increafes  the  Power  of  the  Sound,  lined 
with  a  Cartilage  which  is  extremely  well  adapted 
to  refled:  Sound  (§.  548.) 

a  The  Skin  which  lines  the  external  Ear  is  ex¬ 
tended  by  degrees  into  the  auditory  PafTage,  ex¬ 
panding  itfelf  with  the  Canal  fo  as  to  form  a  Sack 
equal  to  the  auditory  PafTage  itfelf ;  but  by  de¬ 
grees  becoming  thinner,  is  very  fine  where  it  co¬ 
vers  the  external  Surface  of  the  Membrane  of  the 
Tympanum.  It  is  not  only  very  tenfe,  but  alfo 
very  thin  and  nervous,  infomuch  that  no  Pain  is 
more  intolerable,  than  when  an  Inflammation  in¬ 
vades  the  Meatus  Auditorius  ;  for  then  the  nume¬ 
rous  fmall  Nerves  which  are  here  naturally  very 
tenfe,  are  yet  more  diftended  by  the  inflammatory 
Tumor  fo  as  to  be  ready  to  burff,  and  produce 
the  moft  acute  Pain. 

s  The  ceruminous  Glands  of  the  auditory  Paf¬ 
fage  were  firft  defcribed  by  Du  Verney .  For  when 
that  Anatomifl  removed  the  exterior  Membrane  of 
the  auditory  PafTage,  there  appeared  in  the  oppo- 
fite  Part  very  fmall  oblong  Crypts  or  Cells,  which 
contained  a  pellucid  and  fomewhat  oily  Water, 
which  tranfuding  through  the  open  Duds  of  the 
Crypts  into  the  auditory  PafTage,  is  there  by 
Warmth  and  Stagnation  cligefied  and  infpiffated 
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into  an  yellow  and  bitter  Wax,  as  we  extract  it 
from  the  Ear,  though  it  has  no  fuch  Bitternefs  at 
its  firft  Secretion.  The  Ufefulnefs  of  this  Lini¬ 
ment  in  defending  the  fenfible  Membranes  of  the 
auditory  Paflage,  is  very  great  and  almoft  incre¬ 
dible.  If  the  Ear  is  entirely  deftitute  of  this  Li¬ 
niment,  the  internal  Membrane  becomes  dry,  ri¬ 
gid  and  diftended  fo  as  almoft  to  break  the  Nerves, 
and  be  not  far  from  producing  a  perfed:  Deafnefs. 
So  long  as  this  mild  Liniment  defends  the  fenfible 
Membranes  from  the  Air,  they  all  continue  flexi¬ 
ble  and  perform  their  proper  Offices ;  but  when 
it  is  colledted  in  too  great  a  Quantity,  the  ffiort 
Hairs  of  the  auditory  Paflage  having  their  ufual 
Increafe  fupprefled  by  the  refilling  Liniment,  are 
incurvated  inward,  and  irritate  the  fenfible  Mem¬ 
brane  of  the  Meatus  Auditorius,  whence  follows 
an  Itching,  which  obliges  the  Perfon  to  pick  his 
Ear ;  but  brute  Animals  from  the  fame  Caufe  rub 
their  Ears  againft  Timber  or  Stones  that  are  next 
adjacent.  Without  this  Precaution  Deafnefs  might 
enfue :  So  great  is  the  Ufefulnefs  of  thefe  fmall 
Hairs.  But  this  kind  of  Deafnefs  may  be  cured 
by  injeding  Water  mixed  with  a  little  Soap  and 
Sal  Ammoniacum,  by  which  the  retained  Wax 
being  foftened  is  difcharged  in  the  Form  of  a  Tent. 

4  It  is  demonftrated  by  the  Laws  of  Sound, 
that  it  diffufes  itfelf  every  way  from  the  Mouth  of 
a  Perfon  fpeaking,  or  from  any  other  Inftrument, 
fpreading  itfelf  to  all  Sides  in  right  Lines,  which 
refemble  the  Radii  of  a  Circle.  The  Ear  there¬ 
fore  of  any  Perfon  which  is  placed  within  the 
Area  of  this  Circle  or  Sphere  of  the  fonorous 
Rays,  will  receive  fo  many  of  them  as  can  be  con¬ 
tained  in  a  Cone,  the  Bafls  of  which  is  the  exter¬ 
nal  Ear,  and  its  Apex  the  fonorous  Point ;  while 
the  other  Rays  efcape  or  fall  off  from  the  Side  of 
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the  Ear.  But  the  Strength  of  Sound  depends  up¬ 
on  the  Number  of  fonorous  Rays  which  are  con¬ 
tained  in  a  given  Cone.  If  now  we  form  a  Ma¬ 
chine  which  can  receive  a  great  Number  of  fono¬ 
rous  Rays,  refled;  them  together,  and  afterwards 
dire&  them  into  a  Focus ;  then  the  Strength  of 
the  Sound  will  be  increafed  in  that  Focus,  in  the 
fame  manner  as  the  Force  of  Fire  collected  by  a 
convex  Glafs,  is  increafed  in  the  Focus  ;  and  by 
this  means  the  fmalleft  Sound  may  be  fo  changed 
as  to  affedt  the  Senfe  of  hearing,  in  the  fame  man¬ 
ner  with  the  ftrongeft.  Of  this  Nature  is  the 
Speaking-Trumpet,  which  Inftrument  is  compo¬ 
sed  of  a  narrow  Part  applied  to  the  Mouth,  from 
whence  it  fpreads  into  a  diverging  Cone,  whole 
elaftic  Sides  receive  the  whole  Sound  which  comes 
from  the  IMouth ;  but  the  fonorous  Rays  are  re¬ 
flected  by  the  elaftic  Sides  of  the  Inftrument,  and 
the  Angles  of  Reflexion  being  equal  to  the  Angles 
of  Incidence,  after  many  Reflexions  the  fonorous 
Rays  pals  out  into  tne  open  Air,  not  diverging 
but  parallel.  By  this  means  the  Sound  of  a  Voice 
may  be  fo  increafed,  as  to  be  heard  at  the  Diftance 
of  a  Mile  and  a  half  by  a  Perfon  who  is  in  a  right 
Line ;  for  thofe  who  are  on  either  Side  perceive 
nothing  of  the  Sound  ;  which  if  it  had  been  emit¬ 
ted  from  the  naked  Mouth,  would  have  been  loft 
at  the  Diftance  of  a  few  Paces  or  Ells.  Even 
leaden  Pipes  which  are  not  elaftic  and  on  iy  cylin— 
drical,  do  yet  referve  the  Sound  of  the  Voice, 
that  when  a  Perfon  {peaks  at  one  End,  it  may  be 
perceived  by  the  Ear  applied  to  the  other  End, 
even  at  the  Diftance  of  a  quarter  of  a  Mile,  But 
fuch  a  Tube  or  Trumpet  as  that  before- mentioned, 
is  the  Meatus  Auditorius  in  an  adult  Perfon  ;  for 
in  an  Infant  that  has  not  been  long  born,  this  Paf- 
iage  is  little  or  nothing,  the  Membrane  of  the 
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Tympanum  being  placed  immediately  behind  the 
Ear,  and  covered  over  with  a  thick  fcaly  Matter 
or  Skin  *,  which  by  the  receding  of  the  Membrane 
of  the  Tympanum  backward,  and  the  Elongation 
of  the  auditory  PafTage  is  caft  off  by  a  kind  of 
Suppuration.  The  longer  the  Animal  lives,  the 
Membrane  of  the  Tympanum  recedes  the  farther 
back,  and  the  Meatus  Auditorius  is  alfo  more 
elongated.  This  Covering  upon  the  Membrane 
of  the  Tympanum  was  necefTary  in  Infants,  that 
they  might  not  be  continually  affedted  by  the 
Adtion  of  ftrong  Sounds,  by  which  their  tender 
Nerves  might  be  eafily  convulfed.  It  is  therefore 
a  deteftable  and  unhappy  Pradlice,  in  thofe  who 
endeavour  to  divert  young  Infants  with  the  Noife 
of  Guns,  and  fhewing  them  ftrong  Lights,  by 
which  the  whole  Brain  and  nervous  Syftem  may 
be  put  into  Tremors,  to  the  Deftruftion  of  the 
unhappy  Infant.  But  if  Wax  is  poured  into  the 
Ear  of  an  adult  dead  Body,  and  afterwards  taken 
out  whole  when  it  is  cold,  by  dividing  the  Bone 
without  injuring  the  Figure  of  the  Wax,  you  will 
have  a  perfedt  Trumpet,  whofe  Extremity  is  with¬ 
out  any  Aperture  towards  the  Membrane  of  the 
Tympanum. 

*  The  Meatus  Auditorius  could  not  defcend  ve¬ 
ry  deep  into  the  Cranium,  for  it  would  have  pe¬ 
netrated  its  Cavity  and  the  Brain  ;  and  therefore  to 
render  it  the  longer  and  increafe  its  Surface,  it  was 
necefTary  for  it  to  be  oblique.  But  long  Tubes  es¬ 
pecially  thofe  which  are  contorted,  wonderfully 
increafe  Sound  *,  thus  the  French  Horn  which  is 
Spiral,  gives  a  very  ftrong  Sound  ;  and  Trumpets 
for  War  ought  to  be  very  long  in  order  to  afford 
a  ftrong  Sound.  But  left  their  great  Length 
Should  render  them  incommodious,  they  are  in- 
fledted  or  folded  together,  that  the  long  Tube  may 
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be  contained  in  a  fmall  Compafs.  The  Defign  is 
almoft  the  fame  with  refpedt  to  the  Obliquity  of 
the  auditory  Paflage,  which  firft  afcends  then  de- 
fcends,  and  afterwards  afcends  a  little  again  ;  fo 
that  its  fmall  Depth  is  compenfated  by  the  greater 
Obliquity.  But  all  thefe  Rays  which  are  directed 
by  the  external  Ear  to  the  auditory  Paflage,  meet 
together  at  lafl:  without  Alteration  in  a  Point, 
namely,  upon  the  Membrane  of  the  Tympanum, 
which  fhuts  up  the  Meatus  Auditorius  of  an  ellip¬ 
tic  Figure  like  the  Paflage  itfelf ;  the  Focus  there¬ 
fore  of  the  fonorous  Rays  falls  upon  this  Mem¬ 
brane,  upon  which  the  whole  Strength  of  the 
Sound  is  concentrated,  which  was  conveyed  thi¬ 
ther  by  the  external  Ear.  This  refults  from  the 
Properties  of  an  elliptic  Tube.  At  the  Court  of 
! Tufcany  there  is  an  elliptic  Portico,  in  which  if  a 
Perfon  fpeaks  againft  the  Wall  with  a  low  Voice, 
every  Word  that  he  whifpers  will  be  heard  diftindt- 
ly  by  a  Perfon  who  Hands  in  the  Focus  of  the  El- 
lipfis,  while  thofe  who  Hand  without  the  Focus 
hear  nothing  at  all. 

6  The  Writers  upon  philofophical  Subjcdis  are 
the  molt  furprifed  at  this  Phenomenon,  namely, 
that  we  fhould  hear  a  Ample  Sound,  which  yet  is 
demonftrated  to  be  compofed  of  an  inflnite  Num¬ 
ber  of  other  reflexed  Sounds.  For  Sound  is  re¬ 
flected  a  thoufand  times  from  one  Side  to  the  other 
of  the  auditory  Paflage,  as  well  as  in  a  Trumpet, 
till  at  lafl:  it  converges  together  into  a  Point,  and 
continues  ftrait  forward,  as  if  it  came  from  that 
lafl  Point.  But  all  thefe  Sounds  are  reprefented  to 
the  Mind  as  but  one.  Muflc  will  be  able  to  re¬ 
move  all  thefe  Difficulties :  for  it  is  mofl  true, 
when  we  fpeak,  or  when  any  Inflrument  excites  a 
Sound,  there  follows  an  infinite  Number  of  Refo- 
nances  or  Echoes  •,  but  yet  thofe  Refonances  are 
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not  in  the  lead  diftinguifhed  by  the  Ear,  which 
preceives  only  the  Tingle  Tone.  For  an  Echo  is 
not  diftinguifhed  unlefs  it  returns  from  a  certain 
determinate  Diftance.  If  a  Wall  is  a  thoufand 
Feet  diftant  from  the  Mouth  of  the  Perfon  (peak¬ 
ing,  one  may  then  hear  the  Return  of  each  Word, 
or  as  it  were  the  Image  of  the  fame,  which  we 
call  an  Echo  •,  for  the  Sound  paffes  in  one  Second 
of  Time  to  the  Wall,  and  in  another  returns 
again,  fo  that  there  is  time  enough  for  one  to  di- 
ftinguifti  the  returning  from  the  primitive  Sound. 
If  now  the  Diftance  of  the  Wall  be  diminifhed, 
fuppofe  at  the  Diftance  of  an  hundred  Feet,  and 
then  to  the  Diftance  of  ten  Feet,  in  that  cafe  the 
Time  of  the  Palfage  of  the  primitive  and  reflected 
Sound  to  and  from  the  Wall  is  fo  fhort,  that  the 
Idea  of  the  former  is  not  out  of  the  Mind  when 
the  latter  returns  ;  for  the  Images  or  Ideas  of  Ob- 
iedfs  impreffed  upon  the  Senfory  do  not  always  in- 
ftantly  vanifh,  nor  do  we  diftinguifh  thofe  which 
follow  each  other  moft  nearly  (§.  541.)  There¬ 
fore  the  refledlcd  Sounds  are  all  of  them  conjoined 
with  the  primitive,  fo  as  to  afford  the  Idea  of  one 
Tingle  Sound.  I  faid  before  at  §.  547,  that  the 
Chord  B  is  in  Harmony  with  the  Chord  A,  and 
will  tremble  together  when  A  and  B  are  diftant 
one  Odlave.  If  two  fuch  Chords  found  together, 
we  hear  but  one  Tone,  becaufe  the  greater  and  the 
lefs  of  the  fame  Kind  are  confounded  together  fo 
as  to  be  indiftinguiftiable.  In  the  fame  manner 
in  our  hearing,  all  Sounds  which  arife  from  Bodies 
in  Confonance  with  the  primitive  Sound,  are  joined 
together  into  one,  fo  as  not  to  be  diftinguifhable 
from  the  primitive  Sound  with  which  they  agree. 
If  this  was  not  true,  we  fhould  have  been  certainly 
created  unhappy  by  Nature,  fince  inftead  of  one 
Sound  we  fhould  hear  an  infinite  Number  of  Dif- 
cords,  or  difagreeable  Clalhings  of  Sound.  But  by 
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the  former,  that  is,  by  the  Vicinity  of  the 
reflected  Sounds,  Nature  has  fecured  our  Hearing 
from  being  difturbed  by  Echoes  •,  and  by  the 
latter,  that  is,  by  the  harmonical  Confonance,  we 
are  fecured  from  the  difagreeable  Tremors  and 
Clafhings  of  the  Air. 

7  At  the  Beginning  of  the  Meatus  Auditorius  is 
placed  a  tremulous  triangular  Body,  with  which 
the  whole  Aperture  of  that  Pailage  may  be  clofed,« 
fo  that  a  Man  cannot  be  able  to  hear  any  thing 
with  that  Ear.  This  triangular  Body  or  Tongue 
is  capable  of  being  eredted  more  or  lefs  by  the 
fmall  Mufcles  of  Valfalva ,  fo  that  we  may  be  able 
to  moderate  the  Opening  of  the  auditory  Pafiage 
at  pleafure,  left  when  the  fonorous  Rays  arrive  to 
the  Ear  in  too  great  a  Quantity,  they  might  de- 
ftroy  the  Organ  of  Hearing  ;  whereas  by  dimi- 
nifhing  the  Aperture,  Part  of  the  too  powerful  fo- 
norous  Rays  are  excluded.  The  Adtion  of  this 
Part  or  Safeguard  to  the  Ear  is  perceptible  to  the 
Eye  without  Difficulty,  when  after  feeing  the 
Flafh  of  a  great  Cannon  we  prepare  our  Ears  to 
receive  the  great  Shock  and  Noile  that  is  to  fol¬ 
low.  But  this  Part  which  is  called  the  Tragus  is 
furniffied  with  another  Mufcle  antagonizing  the 
former,  by  which  the  Tragus  is  drawn  outward, 
fo  as  to  enlarge  the  auditory  Paffage,  when  we 
endeavour  to  hear  any  Sound  accurately  and  di- 
ftinclly. 

§.  552.  The  Membrane 1  of  the  Tympanum 
is  compofed  of  three  Coats  or  Lamellae,  the 
middlemoft  of  which  is  very  full  of  fmall 
Veffeis,  but  the  outermoft  of  them  have  fcarce 
any  V effels ;  and  they  are  placed  fo  obliquely, 
as  to  incline  above  towards  the  auditory  Paf¬ 
fage,  and  running  out  from  below,  forming 
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an  obtufe  Angle  above  with  the  Meatus  An- 
ditorius,  and  an  acute  one  below ;  which  in- 
creafes  thus  the  Superficies  more  than  if  it  was 
fpread  perpendicularly  :  by  this  means  there 
is  a  larger  Compafs  for  receiving  more  fono- 
rous  Rays  to  fall  upon  the  Tympanum,  upon 
which  the  tremulous  Concuflions  are  multi¬ 
plied  ;  but  more  efpecially  it  determines  them 
to  run  together  into  the  Center  of  this  Mem¬ 
brane,  fo  as  to  render  it  more  eafily  tremu¬ 
lous  :  but  fince  the  exterior  Lamella  is  mem¬ 
branous  from  the  Meatus  Auditorius,  and  the 
interior  Lamella  is  derived  from  the  Membrane 
which  encompaffeth  the  Tympanum,  it  is 
evident  that  this  Membrane  hath  a  great  Com¬ 
munication  2  and  Confent  both  with  the  ex¬ 
ternal  and  internal  Parts  of  the  Ear.  The 
middle  Coat  may  perhaps  arife  from  the  Ex- 
pa  nfi  on  of  a  nervous  3  Membrane. 

*  The  Membrane  that  lines  the  auditory  PafTage 
recedes  inward  on  all  Sides  from  the  Extremity 
of  the  fame  PafTage,  and  meeting  together  in  op- 
pofue  Parts  forms  a  blind  Sack,  and  by  that 
means  clofes  the  bony  PafTage.  To  the  Bottom 
of  this  Membrane  is  again  applied  a  Membrane 
from  the  Pericranium  full  of  VefTels,  and  another 
from  the  Periofteum  of  the  Cavity  of  the  Tym¬ 
panum.  So  that  the  exterior  and  interior  Mem¬ 
brane  is  derived  from  the  Perioflea,  betwixt  which 
is  the  vafcular  Membrane.  Thus  three  Mem¬ 
branes  concrete  together  and  form  the  Tympanum, 
as  Ruyfch  formerly  declared  to  us,  though  \\e  has 
fince  made  the  Tympanum  to  confift  of  but  two 
Membranes.  1  gave  him  to  underftand  that  he 
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■was  in  the  wrong  to  detraft  from  this  firft  Opini- 
on  5  for  all  Inje&ions  do  not  fucceed  equally 
well, 

a  All  the  Nerves  in  the  human  Body  communi¬ 
cate  together  in  a  furprifmg  manner.  From  an 
Irritation  of  the  Nofe  the  Diaphragm  itfelf  is  con- 
vulfed,  and  Sneezing  follows  from  the  Communi¬ 
cation  of  the  intercoftal  Nerve  with  thofe  of  the 
Neck,  which  fend  out  a  Branch  to  the  Diaphragm. 
In  the  Gians  Penis  of  a  calculous  Patient  there  is 
an  intolerable  Itching,  becaufe  the  Stone  irritates 
the  Membrane  of  the  Bladder,  which  is  continued 
through  the  Urethra,  and  lines  the  Gians  itfelf. 
But  T  remors  and  Vibrations  are  mod  eafily  com¬ 
municated  through  Membranes  which  are  fo  very 
tenfe,  and  endowed  with  fuch  an  Elafticity  as  the 
Tympanum. 

3  That  this  Membrane  is  nervous,  we  are  per- 
fuaded  from  the  almoft  convulfive  Pain  which  fol¬ 
lows  from  an  Inflammation  of  it. 

§•553-  The  ftridt  Application  of  this  Mem¬ 
brane,  the  Tympanum,  to  the  Edges  1  of  the 
bony  Paffage  or  Cavity,  together  with  its 
Thinnefs,  Drinefs  and  Laxity,  accompanied 
with  a  Concavity  towards  the  auditory  Paf¬ 
fage,  and  a  Convexity  towards  the  Os  petro- 
fum,  and  the  Malleus  being  fixed  to  it,  teach 
us  that  this  Membrane  prevents  the  Entrance 
of  the  Air  *  from  the  auditory  Paffage  into 
the  internal  Ear;  and  that  Dirt,  Humours, 
Infects,  Duff,  and  the  like,  are  here  embar- 
raffed  in  the  Ear-Wax,  and  exciting  a  Titilla- 
tion,  chiefly  by  moving  the  fmall  Hairs  $ 
which  are  here  feated,  they  are  again  caff  out  ; 
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alfo  that  the  fonorous  Motions  or  Vibrations 
may  be  tranfmitted  4  to  the  Cavity  within  the 
Ear;  and  perhaps  fomething  of  an  obfcure 
Senfe  of  hearing  may  be  performed  in  this 
Membrane  itfelf,  namely,  the  Tympanum. 

1  The  whole  Circumference  of  the  Membrane  of 
the  Tympanum  is  inferted  to  the  bony  Ring, 
which  has  a  Deficiency  only  in  one  Part,  through 
'  which  paffes  that  wonderful  Mufcle  of  Aquapen- 
dens  to  the  T ympanum,  which  has  been  fince  dis¬ 
covered  and  reftored  by  Cowper .  This  Infertion 
of  the  Tympanum  into  the  Margin  or  Sulcus  of 
the  bony  Ring,  keeps  it  extremely  tenfe  in  the 
fame  manner  as  the  Parchment  is  extended  upon 
the  mufical  Inftrument  of  War,  which  we  call  a 
Drum,  from  whence  this  Membrane  derives  its 
Name,  preferving  and  augmenting  the  Sounds 
which  ftrike  upon  it.  For  upon  whatever  Part 
the  Tympanum  is  ftruck,  Tremors  are  conveyed 
from  that  Point  as  through  Radii  to  the  Periphera 
of  a  Sphere.  But  yet  this  uniform  Tenfion  of  the 
Tympanum  is  not  of  itfelf  fufficient  for  hearing ; 
for  if  it  was  only  {trained  to  the  harmonical  Tenfi¬ 
on  of  one  Sound,  it  would  only  tremble  from  that 
Sound,  with  its  O&aves,  Fifths,  and  Thirds, 
greater  and  lefs  (§.  547.)?  fo  that  we  fhould  not 
be  capable  of  hearing  any  more  than  this  one  kind 
of  Tone  or  Sound.  It  was  therefore  neceffary  to 
-contrive  a  Mechanifm  by  which  this  Membrane 
might  be  more  or  lefs  {trained  or  tightened,  ac¬ 
cording  to  the  Variety  of  Sounds,  that  it  might 
be  capable  of  coming  into  Unifon,  or  correfpond 
harmonically  to  all  Sounds.  In  the  fame  manner 
a  Tingle  mufical  Chord  will  exprefs  all  Sounds  on¬ 
ly  by  different  Degrees  of  Tenfion.  For  if  the 
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Chord  founds  lower  than  is  juft,  by  ftraining  it  a 
little  the  Sound  will  be  more  acute,  and  by  dou¬ 
bling  the  Tenfity  it  will  found  an  Oftave  higher 
than  before  ;  fo  that  by  only  turning  round  the 
Screw  from  one  Oftave  to  another,  it  may  be 
raifed  through  all  the  intermediate  Sounds. 

*  That  the  Tympanum  performs  this  Office,  we 
learn  from  a  practical  Experiment.  If  any  one  is 
hard  of  hearing,  and  applies  to  a  Phyfician  to 
know  whether  the  Tympanum  is  injured,  the  Pa¬ 
tient  is  ordered  to  take  a  deep  Infpiration,  and 
fhutting  his  Mouth  and  Noftrils,  to  make  the 
Effort  of  Expiration,  by  which  the  Cheeks  are 
diftended  with  Air,  which  infinuates  through  the 
Euftachian  Tube  to  the  Cavity  of  the  Tympanum  ; 
and  if  that  Membrane  is  broke,  it  efcapes  through 
the  external  Ear,  and  denotes  that  the  Deafnefs  is 
incurable.  But  if  the  Air  does  not  efcape  through 
the  external  Ear,  being  confined  by  the  entire 
Tympanum,  there  are  Hopes  of  relieving  rhe  Pa¬ 
tient.  It  was  neceffary  for  Nature  to  furnifh  the 
Ear  with  this  Membrane,  as  a  Safeguard  to  the 
Mufcles,  Ligaments,  and  Perioftea  of  the  fmall 
Bones  which  are  contained  in  the  Cavity  of  the 
Tympanum,  that  they  might  be  kept  foft,  plia¬ 
ble,  and  fit  for  Motion,  fufpended  as*  it  were  in  a 
vaporous  Bath  fecured  from  Infefts,  and  preferved 
from  the  Drought  of  the  external  Air. 

3  Thefe  Hairs  grow  very  fpeedily,  and  have 
been  defcribed  by  Du  Verney.  When  they  are 
compreffed  or  incurvated,  they  are  thruft  into  the 
Membrane  which  lines  the  auditory  Paffage,  fo  as 
to  occafion  an  Itching  which  is  intolerable  to  eve¬ 
ry  kind  of  Animal,  and  gives  them  notice  to 
remove  the  irritating  Caufe  as  foon  as  pofli- 
ble.  If  Nature  had  not  provided  us  with  this  ne¬ 
ceffary  Senfe,  we  might  have  been  eafily  deprived 
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of  our  Hearing  without  any  Warning,  as  the 
Hufbandmen  frequently  are,  when  the  auditory 
Paflfage  is  filled  full  of  Duft ;  but  the  Sordes  be¬ 
ing  diffolved  by  injeding  with  a  Syringe,  the  Dif- 
order  is  removed. 

4  To  tranfmit  the  fonorous  Impreflions  not  thro* 
an  Aperture,  but  by  fimilar  Tremors  in  the  Mem¬ 
brane  of  the  Tympanum,  which  excites  the  fame 
Tremors  in  the  Air  included  in  the  Cavity  of  the 
internal  Ear.  How  much  Influence  Sound  has  in 
drawing  the  mod  folid  Bodies  into  fimilar  Tre¬ 
mors,  is  evident  from  the  mufical  Organs  of 
Churches:  when  the  lowed  Pipe  of  that  Indru- 
ment  is  blown,  it  fends  forth  fuch  a  Tremor  or 
Vibration  as  in  a  manner  draws  the  whole  Pave¬ 
ment  and  Pillars  of  the  Fabric  into  a  fimilar  dan¬ 
cing  Motion.  In  the  fame  manner  large  Cannons 
which  are  ufed  in  the  befleging  of  Cities,  fhake 
the  whole  Surface  of  the  Earth  to  the  Didance  of 
fome  Miles,  fo  as  to  make  a  Bullet  dance  that  is 
placed  upon  the  Parchment  of  a  Drum. 

§.  554.  The  Malleus  is  firmly  !  applied  to 
the  Back  of  the  Membrane  of  the  Tympa¬ 
num,  with  its  Handle  extended  almofl  to  the 
Center  2  of  that  Membrane  ;  and  at  the  fame 
time  the  Head  of  this  Bone  is  moveable  in  the 
Bony  Sinus  3,  while  the  other  Surface  of  its 
Head  is  furnifhed  with  two  fmall  Protuberan¬ 
ces  4  and  one  Excavation,  being  conneded  by 
the  Articulation  called  Ginglimus,  with  two 
Cavities  and  one  Protuberance  of  the  Body  of 
the  Incus,  which  is  other  wife  freely  fufpended 
in  the  fame  Cavity  by  the  artificial  Infertion 
of  three  Mufcles  into  this  Malleus:  here  alfo 
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the  external 5  Mufcle  which  relaxes  the  Mem¬ 
brane  of  the  Tympanum  firft  prefents  itfelf, 
arifing  flefhy  from  the  upper  Part  of  the  Mar¬ 
gin  of  the  external  bony  auditory  Paflage,  and 
is  inferted  tendinous,  running  under  the  Mem¬ 
brane  which  is  replenifhed  with  ceruminous 
Glands,  from  whence  its  Tendon  afcends  to 
the  upper  Part  of  the  Membrane  of  the  Tym¬ 
panum,  where  it  pafles  through  a  Sinus  or 
Deficiency  which  is  left  in  the  Margin  of  the 
bony  Ring,  and  enters  into  the  internal  con- 
cous  Cavity ;  where  afcending  even  to  the 
Protuberance  betwixt  the  upper  and  lower 
Apophylis  of  the  Malleus,  it  is  there  inferted  : 
from  whence  it  appears  that  this  Mufcle  draws 
the  Malleus  and  Membrane  of  the  Tympa¬ 
num  towards  the  auditory  Paflage,  by  which 
means  the  Tympanum  is  rendered  fmooth  and 
lax.  2.  In  the  fecond  place  we  here  difcover 
th e  external  Mufcle,  which  arifing  tendinous 
from  the  external  Part  of  the  Eujlachian  Paf- 
fage,  upon  which  it  lies  flefhy,  afcends  after¬ 
wards  backward  and  enters  the  Cavity  of  the 
Tympanum,  pafling  through  an  oblique  Sinus 
or  Notch,  above  the  bony  Margin  of  the 
Membrane  of  the  Tympanum,  and  inferts  it¬ 
felf  into  a  (lender  Procefs  of  the  Malleus,  and 
is  particularly  extended  into  a  very  long,  (len¬ 
der,  flexible  and  elaftic  Produ&ion,  which 
was  difcovered  by  the  laudable  Induftry  of 
Raw ,  who  has  taught  us  that  this  Mufcle  is 
inferted  by  a  very  broad  Expanfion  of  Fibres 
for  an  extraordinary  Ufe ;  namely,  that  it 
might  determine  and  draw  the  thicker  Part 
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of  the  Malleus  with  the  Membrane  of  the 
Tympanum,  in  many  different  Directions  7 
towards  the  Meatus  Auditorius.  3.  In  the 
third  place  we  difcover  the  internal 8  Mufcle 
of  Eujlachius ,  whofe  Fibres  arifing  from  the 
anterior  Side  of  the  Cartilage  of  the  Eujlachian 
PafTage,  is  afterwards  contained  in  and  runs 
through  a  bony  Furrow,  from  whence  it  af- 
cends  laterally  to  the  upper  Part  of  the  Eujla¬ 
chian  PafTage  ;  from  whence  departing,  its 
Tendon  rifes  up  near  the  Feneffra  Ovalis,  and 
turning  back  about  a  bony  Part  like  a  Pully, 
it  is  inferted  into  the  Malleus  in  its  back  Part, 
under  the  Infertion  of  the  external  Mufcle  of 
the  fame  Bone  5  when  this  Mufcle  contracts, 
the  Malleus  and  Membrane  of  the  Tympanum 
is  drawn  towards  the  Os  petrofum,  by  which 
means  it  is  tightened  and  rendered  concave : 
and  from  all  this  we  learn  that  the  Malleus  is 
like  a  Lever  applied  to  the  Membrane  of  the 
Tympanum,  and  being  moveable  in  a  Mo¬ 
ment  prefTes  upon  the  Sinus  or  Excavation  in 
the  Margin,  as  being  fixed  to  a  Balls  fuftain- 
ing  its  Rotation,  ir  which  it  is  drawn  by  the 
Contraction  of  one,  two,  or  three  Mufcles ; 
it  may  therefore,  1.  expand  or  tighten  9  the 
Membrane  of  the  Tympanum,  relax  the  fame, 
render  it  convex,  hold  fteady  and  fufpended  it 
in  various  Degrees  of  Tenfion  and  in  different 
Directions.  2.  It  may  alfo  by  this  means  vary 
the  internal  Space  of  the  concous  Cavity,  fo 
as  to  draw  the  Air  in,  comprefs  or  expel  the 
fame  according  as  the  Eujlachian  PafTage  is  at 

the 
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the  fame  time  either  open  or  fhut IO,  3.  By 
this  means  therefore  the  Membrane  of  the 
Tympanum  may  be  adapted  to  receive  the 
fonorous  Vibrations  or  Tremors  to  be  com¬ 
municated  to  Bodies  harmonically  extend¬ 
ed 1  *  or  ftretched,  and  that  it  may  eafily  com¬ 
municate  them  to  the  Incus,*  fcs  we  are  taught 
by  the  mathematical  Do&rine  of  Harmony 

or  Mufic,  ■ 

. ;  ■  ■  \  '  ■  "  .•  >  _  ■ 

T  The  Malleus  is  fo  firmly  attached  to  the  Tym¬ 
panum,  that  its  Membrane  feems  to  be  fpread  over 
the  Procefs  of  that  Bone,  fo  as  to  include  it  as  it 
were  in  a  Duplicature.  It  is  to  be  obferved  that 
the  Moderns  improperly  call  this  Membrane  the 
Tympanum,  fince  by  that  Name  the  Ancients  un- 
derftood  alfo  the  wnole  Cavity  of  the  Os  petrofum 
in  which  the  fmall  Bones  are  included  ;  diftinguifh- 
ing  this  by  the  Name  of  the  Membrane  of  the 
Tympanum,  manifeftly  fo  called  from  its  Simile 
tude  to  the  Kettle-Drum. 

But  it  is  not  extended  beyond  the  Center  of 
this  Membrane ;  and  therefore  it  forms  a  movea¬ 
ble  Radius  attached  to  this  Center,  that  by  being 
drawn  inward  it  may  tighten  the  Membrane,  and 
render  it  more  convex  towards  the  Os  petrofum, 
and  relax  the  fame,  or  render  it  more  flat,  by 
thrufting  it  farther  towards  the  auditory  Railage. " 

This  bony  Sinus  is  ieated  in  that  Part  where 
there  is  a  Deficiency  in  the  bony  Ring  of  the 
Membrane  of  the  Tympanum,  in  which  Sinus 
the  fixed  Point  or  Hypomochlion  of  the  Malleus 
is  Rationed,  upon  which  it  moves  and  inclines 
one  way  or  the  other. 

4  1  he  Articulation  of  the  Malleus  with  the  In¬ 
cus  is  very  much  like  that  of  the  Knee,  where  the 
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Tibia  is  colle&ed  to  the  Femur,  and  admits  only- 
one  kind  of  Motion.  By  this  manner  of  Con¬ 
nection  it  happens,  that  the  Malleus  cannot  be 
moved  upon  its  fixed  Point  without  moving  at 
the  fame  time  the  Incus  which  is  freely  fufpended. 

5  Fabricius  of  Aqua  pendente  fir  ft  defcribed  this 
Mufcle  in  an  elegant  Treatife  upon  that  Subjedt, 
which  is  become  o&folete  or  negledted  in  our  Days. 
It  arifes  with  mufcular  Fibres  under  the  fir  ft  Tu¬ 
nic  of  the  auditory  Paflage,  and  pafles  through  the 
Deficiency  in  the  bony  Ring  above  the  Membrane 
of  the  Tympanum  into  the  internal  Ear.  It  draws 
the  Malleus,  together  with  the  Membrane  of  the 
Tympanum,  towards  the  Meatus  auditorius,  fo 
as  to  render  the  latter  more  flat,  when  it  has  been 
render’d  convex  or  protuberant  towards  the  Cavity 
of  the  Tympanum,  oppofite  to  the  auditory  Paf- 
flage  ;  from  which  ACtion  it  necefifarily  follows, 
that  the  Membrane  of  the  Tympanum  muft  be  re¬ 
laxed  by  this  Mufcle.  For  every  Line  which  unites 
two  Points  is  the  fhorteft  when  ftrait,  and  muft 
be  elongated  whenever  it  is  formed  into  a  Curve, 
while  the  Points  remain  at  the  fame  Diftance  : 
and,  on  the  other  hand,  a  curved  Line  joining 
two  Points  muft  become  fhorter  when  reduced  to 
a  ftrait  Figure.  But  a  Fibre  being  elongated  is 
tightened,  and  relaxed  when  it  is  fhortened  ;  and 
therefore  it  follows,  that  the  Membrane  of  the 
Tympanum  being  rendered  lefs  convex  muft  be 
relaxed,  which  can  be  the  only  proper  A&ion  of 
this  Mufcle.  So  often  then  as  this  Membrane  is 
too  tenfe  to  be  in  Harmony  with  the  more  grave 
Tones,  it  is  then  reduced  to  Unifon  by  the  AClion 
of  this  Mufcle,  which  relaxes  the  fame  while  the 
other  Mufcles  are  at  reft.  Thus  thofe  grave  Tones 
will  be  audible,  which  a  greater  Tenfity  of  the 
Membrane  would  "not  have  tranfftiitted^to  - the 

**  Mind. 
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Mind.  This  fame  Mufcle  alfo  increafes  the  Ca¬ 
pacity  or  Cavity  of  the  Tympanum,  giving  a 
PaiTage  to  the  Air  coming  through  the  Eufiachian 
Tube  into  the  internal  Concha. 

6  The  firft  of  the  internal  Mufcles  arifes  from 
the  Os  petrofum,  from  a  Sulcus  in  the  outer  and 
anterior  Part  of  the  Eufiachian  Tube  ;  and  after 
proceeding  a  little  way  forward,  it  afcends  oblique- 
jy  and  enters  the  Sinus  ofieus  ;  from  whence  again 
it  paffes  out,  and  is  inferred  by  a  fmall  Tendon  in¬ 
to  a  Procefs  of  the  Malleus.  When  this  Mufcle 
afts,  it  draws  the  lower  Part  of  the  Malleus,  to¬ 
gether  with  the  Membrane  of  the  Tympanum  to 
which  it  is  attached,  inward  and  forward,  render¬ 
ing  the  fame  more  convex,  and  of  an  harmonical 
Tenfity  with  the  more  acute  Sounds. 

7  The  fecond  of  the  internal  Mufcles  arifes  from 
the  anterior  Part  of  the  Side  of  the  Cartilage  be¬ 
longing  to  the  Eufiachian  Tube,  and  then  palling 
through  a  fmall  Excavation  in  the  Os  petrofum,  it 
runs  along  laterally  to  the  upper  Part  of  the  Open¬ 
ing  of  the  Eufiachian  Tube  ;  and  from  thence  de¬ 
fending  perpendicularly,  it  is  inferted  into  the  fame 
Part  of  the  Malleus  with  the  former.  V\/Then  this 
Mufcle  a£ts,  it  draws  the  Malleus  and  Membrane 
of  the  Tympanum  diredlly  inward,  and  tightens 
the  fame.  Thefe  two  Mufcles  when  they  operate 
conjundtly,  ftretch  the  Membrane  of  the  Tympa¬ 
num  in  fuch  a  manner,  that  it  is  fufceprible  of  the 
leaft  Variation  in  Motion,  and  retain  it  in  fuch  a 
perfect  Equilibrium,  that  it  is  put  into  Tremors 
by  the  lead  Vibration  of  the  external  Air  a&ing 
but  lor  a  Moment.  And  thus  conditioned  is  the 
State  of  the  Ear  in  thole  People  who  are  inclined 
to  Mufic  ;  whereas  thofe  who  cannot  thus  adapt 
their  Ears  to  different  Sounds,  can  never  make 
any  Proficiency  in  Mufic.  But  others  continually 
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fing  the  fame  Tone  which  they  hear,  and  are  ca¬ 
pable  of  repeating  Songs  as  fall  as  the  Eye  can  take 
them  without  any  Defeat  in  the  Tone. 

8  The  firft  of  the  internal  Mufcles  is  furnifhed 
with  a  very  long,  flexible,  and  elaftic  Procefs,  of 
a  greater  Extent  than  all  the  reft  of  the  Bone,  in 
order  that  it  might  be  more  conveniently  inferted 
into  the  Malleus.  The  Difcovery  of  this  Procefs 
is  owing  to  Raw ,  although  it  is  faid  to  have  been 
demonftrated  and  difcovered  by  one  Foly  in  the 
Writings  of  Bartholin .  But  this  Mufcle  is  infert¬ 
ed  the  whole  Length  of  the  Procefs,  by  which 
means  it  is  capable  of  moving  the  Bone  and 
tightening  the  Tympanum  in  different  Degrees  ; 
whereas  if  it  was  inferted  into  a  Angle  Point  of 
the  Bone,  it  could  only  give  it  one  Degree  of 
Tenflty  *,  but  as  it  fends  forth  a  long  Series  of  Fi¬ 
bres  into  the  Bone,  it  may  be  capable  of  drawing 
the  fame,  more  or  lefs,  laterally  in  an  infinite 
Number  of  Degrees  and  Directions,  according  as 
this  or  that  Series  of  Fibres  fhall  prevail.  Others 
think  this  Procefs  to  be  rather  a  fort  of  Bone  ar¬ 
ticulated  to  the  Malleus,  and  which  by  Age  grows 
together  with  the  fame,  as  we  ufually  obferve  in 
the  Os  flyloeides  and  the  Os  temporale. 

9  The  fhorter  any  Chord  is,  the  lefs  Degree  of 
Tenfion  it  requires  to  produce  a  Variety  of  Sounds  ; 
but  the  longer  the  Chord,  fo  much  the  greater 
Force  it  requires  to  vary  its  Tone.  But  in  the 
Ear  there  are  fmall  Fibres  inftead  of  Chords, 
which  yet  may  be  ftretched  harmonically  through 
different  Degrees.  As  this  was  neceflary,  the 
Membrane  of  the  T ympanum  is  therefore  provided 
with  moving  Mufcles  and  Levers,  which  are  ca¬ 
pable  of  tightening  the  fame  various  Ways.  All 
thefe  Mufcles  are  placed  by  Nature  in  a  Part  to 
which  the  external  Air  has  no  Accefs.  Euftachi - 
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us  and  Jquapendens  have  demonftrated,  that  the 
whole  Cavity  in  which  thele  Mulcles  are  difpofed, 
is  replenilhed  with  warm  and  moift  Vapours.  So 
foon  as  the  external  Air  penetrates  to  the  final  1 
Bones  of  Hearing  by  an  accidental  Rupture  of 
the  Membrane  of  the  Tympanum,  all  the  Mufcles 
are  dried  up  j  and  in  head  of  hill i  n  f  t  hearing,  a  con- 
fuied  Noife  is  perceived,  lo  that  the  Patient  can  nei¬ 
ther  diflinguilh  articulate  Words  nor  mufical  Notes 
till  at  length  the  whole  Senfe  is  entirely  deilroyed* 

10  When  the  Euftachian  Tube  is  doled,  no  Air 
ean  pafs  into  the  internal  Ear ;  but  then  the  Mem¬ 
brane  of  the  Tympanum  is  ftrtick  by  fome  ex¬ 
ternal  Sound,  and  by  that  means  rendered  more 
convex,  it  comprefies  or  condenfes  the  included 
Air  in  the  Concha,  that  the  Premors  may  be  more 
powerfully  communicated  to  the  internal  Ean 
But  when  the  Euftachian  Tube  is  open,  the  Mem¬ 
brane  of  the  Tympanum  is  prelfed  out  by  the  Air 
which  entered  tnrough  the  Tube  .  whence  the  Air 
which  conveys  the  Sound  through  the  auditory  Paf- 
fage  is  refilled,  and  confequently  the  Perception 
of  it  is  diminillied.  The  Tube  is  therefore  clofed 
or  Ihut  in  order  to  the  more  diltinft  Perception  of 
Sounds,  but  is  relaxed  and  opened  in  order  to  di- 
mimfh  their  Force ;  whence  it  appears  that  the 
Membrane  of  the  Tympanum  is  moved,  as  well 
by  the  internal  Air  as  by  he  external. 

“  A  Ample  Percuffion  of  the  Air,  which  is  a 
Particte  of  Sound,  being  repeated  a  determinate 
Number  of  times  by  the  Tremors  of  the  fonorous 
Body,  forms  a  determinate  Sound.  When  thele 
Tremors  are  very  fwiftly  repeated,  the  Tone  is 
laid  to  be  acute,  but  grave  when  the  Vibrations  of 
the  Chord  are  flow  ;  for  the  fame  Chord  beino- 
moved  flowly  will  yield  a. great  Tone,  and  being 
put  into  quick  Vibrations,  it  will  aifo  yield  an 

O  2  acute 
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acute  Tone.  Now  when  a  vibrating  fonorous 
Body  communicates  its  Percuffions  to  the  Air, 
and  there  is  any  adjacent  Body  which  by  fome  Im- 
pulfe  will  yield  the  like  Number  of  Vibrations  in 
the  fame  time,  in  that  Cafe  this  other  Body  will 
likewife  begin  to  vibrate  at  the  Sound  of  the  other, 
and  two  fuch  Bodies  are  faid  to  be  in  Concord, 
But  if  the  Body  A  communicates  its  Tremors  to 
the  Body  B  with  which  it  is  in  Concord ;  and  again, 
the  Body  B  likewife  communicates  its  Tremors  to 
that  of  C  with  which  that  is  in  Concord  ;  then  in 
that  Cafe  when  A  founds,  C  will  alfo  found  in 
Confonance :  but  when  the  Body  A  founds  by  a 
Stroke,  while  the  quiefcent  Body  B  does  not  pro¬ 
duce  the  fame  Number  of  Tremors  in  the  fame 
time,  in  that  Cafe,  when  one  Body  founds  the 
other  will  not  be  affedted,  fo  that  the  Bodies  A 
and  B  may  be  faid  to  be  in  Difcord.  From  hence 
arifes  the  Reafon  why  the  Malleus  is  qualified  for 
different  Motions  by  particular  Mufcles.  For 
Sounds  differ  from  each  other  in  an  infinite  Num¬ 
ber  of  Ways,  as  well  in  their  Kinds,  as  in  the 
numberlefs  Degrees  of  Gravity  or  Acutenefs.  Yet 
ought  the  Membrane  of  the  Tympanum  to  be  ca¬ 
pable  of  being  in  concord  with  all  thefe  different 
Sounds,  in  order  to  return  the  like  Tremors,  and 
communicate  them  to  the  internal  Ear,  that  they 
may  be  reprefented  to  the  Mind  as  they  come  from 
without.  This  Concordance  of  the  Membrane  of 
the  Tympanum  with  the  great  Variety  of  Sounds, 
is  produced  by  the  Malleus  with  its  proper  Mufcles, 
which  produce  an  infinite  Number  of  Degrees  of 
:Tenfity  in  the  fame  Membrane.  The  Tympanum 
then  may  be  determined  to  all  thofe  Degrees  of 
Tone  with  which  the  Chords  of  the  Tympanum  are 
in  Confonance.  But  thefe  Sounds  are  infinite  in 
Number  and  Variety,  which  renders  this  Matter 

not 
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not  a  little  furprifmg.  The  Chords  of  the  Mem¬ 
brane  of  the  Tympanum  are  very  fhort,  the 
whole  Extent  of  that  Membrane  being  no  larger 
than  one’s  Nail ;  and  yet  can  thofe  fhort  Chords 
Increafe  the  Celerity  of  their  Tremors  to  produce 
more  acute  Tones,  fo  that  the  Membrane  of  the 
Tympanum  can  bear  all  Tones,  which  are  not 
more  acute  than  thofe  which  arife  from  a  Chord 
equal  in  length  to  the  Diameter  of  the  Nail.  But 
when  any  Chord  trembles  which  is  fhorter  than 
the  Diameter  of  the  Nail,  fo  as  to  yield  more 
fwift  T remors  than  the  Membrane  of  the  Tympa¬ 
num,  it  then  produces  a  fqueaking,  which  affedts 
the  Teeth  and  adjacent  Parts  fo  as  to  be  almoft  lefs 
tolerable  than  Death  itfelf,  even  in  Men  who  have 
this  Senfe  duller  than  ufual,  the  Membrane  of  the 
Tympanum  being  then  ftretched  fo  as  to  be  near 
breaking :  fuch  fhort  Chords  as  thefe  are  tenfe 
Particles  of  Iron,  as  when  thin  Plates  of  Steel  are 
held  faft  betwixt  two  Screws,  and  filed  away  on 
the  Edge,  as  in  making  Saws* 

§.  555.  The  Body  of  the  Incus  1  articulated 
to  the  Malleus  ( §.  554.)  preffes  likewife  upon 
the  Sinus  Offeus  in  the  Malleus,  its  fhorter 
Procefs  being  freely  fufpended  by  a  Ligament 
in  the  upper  and  pofterior  Part  of  the  Cavity 
of  the  Concha ;  while  its  longer  Procefs  is  col¬ 
lected  to  the  Os  orbiculare  2 ;  the  Articulation 
alfo  of  this  Bone  with  the  hollow  Apex  of  the 
Stapes,  with  the  Connection  of  the  elliptic 
Bafis  of  the  Stapes  with  the  Membrane  of  the 
Feneftra  ovalis,  demonftrate  that  the  fonorous 
Tremors  being  imprefled  upon  the  Membrane 
of  the  Tympanum,  maybe  (by  the  Affiftance 
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of  thefe  four  Bones  encompafled  with  their 
vafcular  Perioftea,  and  conneded  by  their  re- 
fpedive  Articulations,  fufpended  freely  in  the 
large  Cavity  of  the  Concha,  and  moiftened 
continually  by  the  tranfuding  Humours)  com¬ 
municated  unaltered  to  the  Membrane  of  the 
Feneftra  ovalis,  and  there  make  the  like  Im- 
• 

1  The  Incus  is  furniftied  as  it  were  with  two 
Feet,  the  former  of  which  is  conneded  by  a  par¬ 
ticular  Ligament  to  a  refounding  Cavity  in  the 
Procefius  Maftoideus.  The  other  Leg  of  the  In¬ 
cus  refts  upon  the  Bafis  of  the  Stapes,  all  the  reft 
of  it  being  at  liberty  or  freely  fufpended.  Hence 
Jt  follows,  that  when  the  Membrane  of  the  Tym¬ 
panum  excites  the  Malleus  into  harmonical  Tre¬ 
mors,  the  Incus  muft  be  agitated  in  the  fame  man¬ 
ner,  and  communicate  the  like  Tremors  alfo  to  the 
Stapes.  But  the  Stapes  ftands  upon  the  Membrane 
which  fhuts  the  Feneftra  Ovalis  of  the  Tympa¬ 
num,  and  therefore  that  oval  Membrane  muft  like- 
wile  fuffer  the  fame  Tremors.  Nor  does  the  Tre¬ 
mor  here  flop,  for  the  other  face  of  the  oval  Mem¬ 
brane  looks  towards  or  into  the  Veftibulum  ;  and 
into  the  Veftibulum  open  the  winding  Cochlea  and 
five  femicircular  Canals  ;  and  in  the  Veftibulum 
again  the  pulp  itfelf  of  the  auditory  Nerve  is  ex¬ 
panded  naked  in  the  fame  manner  as  the  Retina  is 
expanded  round  the  vitreous  body  in  the  Eye.  A 
Tremor  therefore  of  the  external  Air  will  excite 
fimilar  Tremors,  firft  in  the  Membrane  of  the 
Tympanum,  then  in  the  feveral  fmall  Bones,  after¬ 
wards  in  the  Membrane  belonging  to  the  Feneftra 
Ovalis  in  the  Veftibulum,  and  at  lalt  in  the  audito¬ 
ry  Nerve  itfelf.  But  the  Tremors  are  not  commu¬ 
nicated 
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flicated  in  this  manner  without  fome  Addition,  for 
they  are  increafed  while  they  pafs  through  the 
fmall  Bones.  For  every  body  which  is  in  harmony 
with  the  Sound  that  {trikes  the  fame,  will  likewife 
regenerate  a  fimilar  Sound.  Thus  in  a  Harpft- 
chord,  the  flirill  and  vivid  Tone  does  not  a, rife 
from  ftriking  one  fmall  filver  Chord,  but  is  owing 
in  a  great  meafure  to  the  Concordance  of  the  whole 
Inftrument,  which  founds  at  the  fame  time. 

a  One  Leg  of  the  Incus  which  reds  upon  the 
Stapes,  is  articulated  with  the  laft  mentioned  Bone 
by  means  of  an  intermediate  fmall  Bone,  which  like 
a  Menifcus  is  hollow  on  each  fide  fo  as  to  be  free¬ 
ly  moveable  as  well  towards  the  Incus  as  towards 
the  Stapes.  This  fame  Motion  could  not  have  been 
eafily  obtained  in  the  Articulation  of  the  Incus 
with  the  Stapes,  without  this  intervening  fmall 
Bone. 

*  v  "V 

§.  556.  Here  again  the  Stapes  and  Mem¬ 
brane  of  the  Feneftra  ovalis  may  be  ftretched 
or  tightned  by  a  wonderful  Artifice x,  namely, 
by  a  Mufcle  of  the  Stapes,  which  arifes  with  a 
flefhy  Body  from  a  Canal  or  Groove  in  the  Os 
petrofum  at  the  bottom  of  the  Tympanum, 
and  then  defcending  with  a  fmall  Tendon,  it 
is  connected  to  the  head  of  the  Stapes,  fo  that 
by  contradting  in  an  oblique  manner,  it  de- 
preffes  one  part  and  elevates  the  oppofite  part 
of  that  fmall  Membrane. 

1  When  the  Malleus  is  drawn  inward,  and  the 
Membrane  of  the  Tympanum  ftretched,  then  the 
Stapes  will  be  moved  by  the  Motion  of  the  Mal¬ 
leus  and  Incus.  But  left  the  Stapes  fhould  recede 
from  the  Feneftra  Ovalis,  and  imprels  its  Tre- 

O  4  mors 


200 


Of  the  Hearing.  §.  5  5  8. 

mors  upon  any  part  befides  this  Membrane  of  the 
fubjacent  Feneftra,  therefore  the  Stapes  is  provided 
with  a  proper  Mufcle  of  its  own,  which  draws  that 
fmall  Bone  towards  the  Os  petrofum.  And  thus 
the  Membrane  of  the  Feneftra  Ovalis  is  equal¬ 
ly  ftretched  with  the  Membrane  of  the  Tympa¬ 
num  ;  and  hence  it  is  that  the  fonorous  Tremors 
received  by  the  external  Ear,  are  determined  to 
fall  upon  a  tenfe  Membrane  the  Tympanum* 
which  being  put  into  fimilar  Tremors  agitates  the 
Malleus,  Incus  and  Stapes,  which  communicate 
the  fame  Tremors  to  the  Membrane  of  the  Feneftra 
Ovalis,  fo  that  the  number  of  Vibrations  of  the 
internal  Air  correfpond  to  thofe  of  the  external  ; 
the  interior  Membrane  being  alfo  ftretched  in  the 
■  fame  manner  as  the  Tympanum  without. 


§•  557*  Thus  Sounds  are  conveyed  without 
alteration  to  this  Membrane  of  the  Feneftra 
ovalis ;  but  that  may  by  the  Apparatus  before 
defcribed  ( §.  554,  555,  556.)  be  ftretched 
through  an  infinite  number  of  degrees  of  Ten- 
fity,  fo  as  to  be  capable  of  adapting  itfelf  to 
receive  an  infinite  number  of  different  Tre¬ 
mors,  fo  as  to  concur  harmonically  in  the  like 
tremulous  Vibrations,  and  communicate  the 
fame  to  the  cavity  of  the  Labyrinth,  for  the 
{hutting  up  or  inclofing  of  which,  this  Mem¬ 
brane  of  the  Feneftra  ovalis  is  fubfervient. 


§.  558.  The  large  internal  Concha  1  of  an 
elliptic  form  communicates  with  the  cellular 
Cavity  of  the  Proceffiis  Majioideus  2,  and  with 
the  Euftachian  Piibe  3  which  is  partly  bony 
part  cartilaginous,  opening  with  a 


20  £ 


§•  55^*  Of  the  Hearing. 

fmall  Aperture  towards  the  Palate,  which  is 
Capable  of  being  fliut  by  a  cartilaginous  femi- 
iunar  Margin,  and  of  communicating  with  the 
external  Air  which  is  drawn  through  the  Nofe 
or  Mouth.  This  Tube  admits  the  fame  Air 
to  pafs  through  into  thefe  places,  where  re¬ 
maining  and  being  rarified,  it  may  afterwards 
pafs  out  again  and  be  renewed 4,  or  elfe  confix 
ned  and  comprefied;  fo  that,  2.  The  fame 
Air  may  be  reduced  to  the  Denfity  of  the  ex¬ 
ternal  Air;  and,  3.  This  Tube  ferves  to  con¬ 
vey  the  fonorous  Rays  5  admitted  by  the  Nofe 
or  Mouth,  that  the  Perfbn  might  be  capable 
of  Hearing,  if  the  Meatus  auditorius  fhould 
by  any  means  be  injured  or  flopped  up.  4.  It 
ferves  to  difcharge  the  fuperfluous  Moifture, 
which  is  feparated  by  the  va/ciilar^  Membrane 
inverting  thefe  Parts,  in  order  to  clean  7  or 
render  them  lax  and  lubricated.  -  '  % 

1  By  the  internal  Concha  we  underftand  the 
Cavity  of  the  Tympanum,  which  is  terminated  on 
that  Side  towards  the  Meatus  Auditorius,  by  the 
Membrane  which  is  now  abfolutely  called -the 
Tympanum,  which  is  convex  towards  this  Cavi¬ 
ty,  to  which  the  Ancients  gave  the  fame  Name. 
Oppofite  to  the  Membrane  of  the  Tympanum  if 
placed  the  Os  petrofum,  which  is  quite  rough  and 
perforated  with  two  Openings,  the  one  termed 
Feneilra  ovalis,  oppofite  to  the  Membrane  of  the 
Tympanum,  and  the  other  called  the  Fenfeftra  r o« 
tunda,  which  lies  behind  and  on  one  Side  of  the  for-^ 
mer.  But  in  the  Os  petrofum  there  are  fmajj  Ex¬ 
cavations  here  and  there  placed,  in  which  the  Mut 
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des  and  VefTels  are  received.  And  behind  thefe 
are  placed  the  Cells  of  the  Proceffus  Maftoideus. 

a  This  Procefs  is  wanting  in  Infants,  but  grows 
up  with  Age  in  proportion  to  the  Head,  in  the 
fame  manner  as  we  obferve  the  frontal  Sinus’s  ab- 
fent  in  a  Fcetus  *,  but  which  are  formed  by  degrees 
as  the  Age  advances,  when  the  oppofite  bony  La¬ 
mellae  recede  from  their  mutual  Contadts.  Within 
this  Procefs  is  contained  an  infinite  Number  of  bony 
Lamellae  varioufly  connected,  and  leaving  interme¬ 
diate  Vacuities  or  Cells,  each  of  which  being  lined 
with  its  proper  Membrane,  is  a  kind  of  refounding 
Cavity  ;  but  all  of  them  communicate  with  the  in¬ 
ternal  Concha  or  Cavity  of  the  Tympanum,  by 
which  Mechanifm  the  Refonance  or  Effedt  of  the 
Sound  is  greatly  increafed.  Thus  if  the  Parchment 
of  a  Drum  was  expanded  in  the  open  Air  without 
any  refounding  Cavity  under  it,  it  would  produce 
an  inconfiderable  Sound  which  would  foon  perifh j 
but  when  the  fame  is  extended  over  a  hollow  Cy¬ 
linder,  under  the  Bottom  of  which  is  a  tenfe 
Chord,  then  the  fame  Membrane  being  {truck  will 
yield  a  flrong  Sound.  In  our  hearing,  the  Tremors 
of  the  Air  are  conveyed  from  the  external  Ear  to 
the  Membrane  of  the  Tympanum,  which  Mem¬ 
branebeing  {truck,  communicates  the  likeTremors 
to  the  Air  contained  in  the  Cavity  of  the  Tympa¬ 
num  •,  thefe  Tremors  fall  upon  the  arched  Cell  of 
the  maftoide  Procefs,  where  they  make  a  great 
Refonance.  I  am  indeed  not  ignorant,  that  many 
confrderable  Anatomifts  believe  this  cellular  Procefs 
to  be  of  little  or  no  Service  towards  the  Hearing, 
becaufe  they  find  no  Cavity  in  the  fame  in  Infants. 
But  for  the  fame  Reafon  I  deduce  the  contrary 
Inference,  and  rather  believe  it  to  be  the  more  ne- 
celfary  towards  the  Hearing,  which  is  inconfide¬ 
rable  in  the  Infant*  We  know  that  new  born 
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Infants  are  blind,  becaufe  the  aqueous  Humour  is 
turbid,  which  is  a  great  Providence  of  Nature, 
left  coming  moft  fuddenly  out  of  their  dark  Ha¬ 
bitation  the  Uterus  into  a  ftrong  Light,  they 
might  be  {truck  and  convulfed  by  too  ftrong  an 
Impreflion  of  the  Light  upon  this  tender  Organ 
of  Senfe.  By  the  fame  Providence  of  Nature, 
they  are  alfo  born  in  fome  meafure  deaf,  the  Mem¬ 
brane  of  the  Tympanum  being  covered  over  with 
another  mucous  Membrane,  and  the  refounding 
Meatus  Auditorius  and  Caverns  of  themaftoide  Pro- 
cefs  being  as  yet  wanting.  But  by  Age  the  Organs  of 
Senfe  are  hardened  more  to  the  external  Imprefti- 
ons  of  Objefts ;  and  therefore  by  a  wife  Contri¬ 
vance  the  Refonance  is  increafed  as  the  Age  advan¬ 
ces,  and  as  the  Nerve  becomes  lefs  tender,  left 
our  Hearing  ihould  defert  us  too  foon. 

3  Into  the  lateral  and  anterior  Part  of  the  Cavi¬ 
ty  of  the  Tympanum,  opens  the  Bafis  of  the  hol¬ 
low  and  conical  Tube  of  Eu^fachius,  fo  fhaped 
that  it  decreafes  or  grows  lefs  as  it  pafies  towards 
the  Palate,  and  at  its  narroweft  Part  is  inferted 
with  its  Apex  or  End  into  the  Cavity  of  another 
conical  Tube,  the  Bafis  of  which  is  near  the  Nofe 
in  the  Recefs  or  Cavity  belonging  to  the  back 
Part  of  the  Palate  itfelf :  for  this  Tube  which  is 
denominated  after  its  Inventor  Euftachius>  is  com- 
pofed  of  two  diftinft  Tubes,  the  Extremities  of 
which  unite  together,  but  their  Bafes  diverge  dif¬ 
ferently.  By  this  PafTage  the  Air  drawn  in  by 
the  Nofe,  finds  a  way  into  the  Cavity  of  the  Tym¬ 
panum,  and  gives  a  free  Communication  with  the 
external  Air,  left  that  contained  in  the  Cavity  of 
the  Tympanum,  being  different  from  that  of  the 
Atmofphere,  fhould  be  apt  to  produce  Difcord  in 
receiving  and  communicating  the  Vibrations  of  the 
letter  when  the  Air  is  extremely  dry,  as  we  now 
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obferve  it  to  a  very  great  Degree  [March  1727.], 
fo  as  to  be  ufeful  for  the  Trial  of  many  natural 
Experiments ;  in  fuch  an  Air,  the  Trumpet  founds 
extremely  fharp,  whereas  in  a  more  moift  Air,  it 
affords  a  different  and  more  obtufe  Sound.  If 
therefore  the  dry  external  Air  fhould  become  moift 
without  producing  the  like  Alteration  in  the  inter¬ 
nal  Air  of  the  Ear,  we  fhould  not  hear  Sounds  as 
they  are  in  the  Air  but  differently  *,  nor  could  the 
internal  Air  be  varied  agreeable  to  the  external, 
unlefs  the  Euftachian  Tube  conveyed  the  external 
Air  into  the  Cavity  of  the  Tympanum.  But  the 
Membrane  of  the  Tympanum  propagates  the  Tre¬ 
mors  of  the  external  Air  to  that  which  is  included, 
without  giving  any  Admittance  to  the  Air  itfelf. 
The  great  Neceffity  of  thefe  Tubes  for  admitting 
the  Air  is  evident  from  Difeafes :  for  Hippocrates 
has  left  it  as  an  Obfervation,  which  is  alfo  con¬ 
firmed  by  the  Experience  of  Valfalva ,  that  in  a 
Quinfy  of  the  Throat  and  Fauces,  the  Patient  be¬ 
comes  deaf  from  a  fhutting  up  of  the  Euftachian 
Tubes,  by  a  fwelling  of  the  Membranes  and  in 
the  Venereal  Difeafe  if  any  Ulcer  fhould  be  form¬ 
ed  at  the  Entrance  of  the  Euftachian  Tube,  the 
Ufe  of  that  Ear  will  perifh ;  and  if  the  like  hap¬ 
pens  to  the  other  Ear,  the  Patient  may  bid  adieu 
to  his  Hearing. 

4  The  Air  which  is  received  into  the  Cavity  of 
the  Tympanum,  is  there  rarified  by  Warmth,  and 
expands  the  Membrane  of  the  Tympanum  towards 
the  auditory  Paffage,  refilling  at  the  fame  time 
the  Tremors  of  the  external  Air,  by  which  means 
it  would  impede  the  Hearing,  if  it  was  not  to  be 
changed  or  renewed  at  times.  The  Air  is  renewed 
or  fent  into  this  Cavity  by  the  Euftachian  Tube, 
when  we  breathe  with  the  Mouth  very  wide  open  ; 
and  hence  it  is  that  in  gaping  we  do  not  hear. 
.  Thofe 
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5  Thofe  who  are  perfectly  deaf  from  an  Ob- 
ftru&ion  of  the  auditory  Paffage,  are  yet  capable 
of  Hearing  when  the  Sound  is  immediately  applied 
to  the  Euftachian  Tube. 

6  The  Malleus,  Incus,  Stapes,  and  little  Os 
orbiculare  within  the  Cavity  of  the  Tympanum, 
together  with  the  Os  petrofum,  are  all  inverted  with 
a  vafcular  Periofteum,  the  fmall  Arteries  of  which 
were  firft  demonftrated  by  Ruyfch ;  from  which 
Membrane  the  fmall  Bones  of  Hearing  likewife 
receive  thin  Ligaments  or  Capfules  inverting  their 
Articulations,  which  together  with  the  Membranes 
ought  always  to  be  kept  moift,  that  they  might 
not  become  dry  or  rigid.  The  Cavity  of  the 
Tympanum  therefore  ferves  for  two  Ufes ;  name¬ 
ly,  1.  As  a  refounding  Cavity  to  multiply  or  in- 
creafe  the  Tremors  received  from  the  auditory 
Paffage.  2.  To  ferve  as  a  vaporous  Bath  for  pre¬ 
fer  ving  the  fmall  Bones  of  Hearing,  with  their 
Membranes  and  Mufcles,  moift  and  fit  for  Motion. 

7  The  Tympanum  is  cleanfed  by  Sneezing,  in 
which  Adtion  the  moift  Sordes  of  the  Ear  being 
fhook  off,  are  difcharged  through  the  Euftachian 
Paffage ;  and  hence  it  is  that  after  Sneezing  in  a 
Morning,  the  Hearing  becomes  more  exquifite. 

§.  559.  But  while  the  Feneftra  rotunda  clo- 
fed  with  its  thin  and  tenfe  Membrane  lies  open 
to  one  Part  of  the  fpiral  Cochlea,  and  is  pla¬ 
ced  as  it  were  in  the  Focus  of  its  elliptic  Space, 
oppofite  to  the  Center  of  the  Membrane  of  the 
Tympanum ;  it  is  from  thence  evident,  that 
thofe  fbnorous  Rays  which  adt  upon  this 
Membrane  communicate  their  Tremors  to  the 
fpiral  Cavity  of  the  Cochlea,  and  make  their 
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Impreffions  upon  the  contained  Nerve,  but 
perhaps  not  fo  diflindtly  and  accurately  as 
thofe  which  are  communicated  to  the  Mem¬ 
brane  of  the  Feneftra  ovalis,  by  means  of  the 
Tympanum  and  fmall  Bones  of  Hearing. 

§.  560.  Whether  the  Eujlachian  Paflage  is 
by  the  Aftion  of  the  internal 1  Mufcle  opened 
at  the  fame  time,  that  the  Membrane  of  the 
Tympanum  is  drawn  towards  the  fame,  di- 
minilhing  the  Cavity  of  the  internal  Concha  ? 
and  whether  the  Aperture  of  the  fame  Tube 
near  the  Palate  is  Jhut  2  with  a  cartilaginous 
Valve  drawn  over  by  the  Contraction  of  the 
Cephalo-pharingei  Mufcles,  preventing  any 
Part  of  the  Aliment  from  paffing  this  way  at 
the  time  of  Deglutition  ?  feems  more  than 
probable. 

1  Du  Verney  wrote  to  me,  that  the  fmall 
Mufcle  of  the  Malleus  arofe  not  from  the  bony  buc 
the  cartilaginous  Part  of  the  Eujlachian  Tube, 
which  he  improperly  called  the  Aquedudt,  lined 
with  an  Expanfion  of  tendinous  Fibres ;  thus  it 
happens  that  by  the  fame  Adtion  of  this  Mufcle, 
the  Membrane  of  the  Tympanum  is  drawn  inward 
and  the  Tube  opened  at  the  fame  time,  that  the 
Air  which  was  compreffed  by  the  Membrane  of 
the  Tympanum  may  pafs  from  its  Cavity  into  the 
Fauces.  But  thefe  Opinions  of  that  Anatomift  are 
not  inferted  in  his  Works. 

4  If  it  be  aflced,  Why  the  Aliments  which  we 
fwallow  do  not  naturally  pafs  by  this  Tube  into  the 
Cavity  of  the  Ear,  fmce  Liquors  preffed  endeavour 
to  eicape  every  way  \  we  may  anfwer,  Becaufe  the 

fame 
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fame  Mufcles  which  dilate  the  Pharynx  being  feat- 
ed  above  the  Euftachian  Tube  neceffarily  comprefs 
the  fame,  when  they  contract  and  fwell  like  other 
Mufcles.  But  when  thefe  Mufcles  are  deftroyed 
by  a  venereal  Ulcer,  in  that  cafe  there  are  furpri- 
fing  Noifes  and  Pains  perceived  in  the  Ears  at  the 
time  of  fwallowing  ;  and  even  the  putrid  Aliments 
have  been  known  to  efcape  through  the  Tympa¬ 
num,  after  corroding  that  Membrane  with  the 
fmall  Bones  of  hearing,  fo  as  to  occafion  a  perfect 
Deafnefs. 

§•  56**  But  fince  alio  the  oval  Feneftra  or 
Perforation  opens  into  the  hollow  Veflibulum  * 
which  is  filled  partly  with  the  medullary  Por¬ 
tion,  partly  (i.)of  the  Nerves  which  arife 
from  the  auditory  Nerve,  and  entering  through 
a  Foramen  in  the  internal  Surface  of  the  Os 
petrofum,  are  carried  ftrait  forward  through 
fmall  Foramina  into  the  Veftibulum,  where 
they  are  diftributed,  defended,  and  expanded 
in  order  through  the  three  femicircular  bony 
Canals . 2,  from  whence  they  feem  to  pafs  out 
again  in  a  medulary  State.  (2.)  The  medul¬ 
lary  Portion  of  the  foft  auditory  Nerve  paf- 
fing  through  the  forementioned  Foramen  into 
the  Apex  of  the  Cochlea  through  many  Imall 
Foramina,  from  whence  they  are  diftributed 
in  flender  Filaments  through  the  upper  fpiral 
Cavity,  and  from  thence  again  expending  a 
loft  pulp  into  the  Veftibulum  under  the  oval 
Membrane  :  From  all  which  it  is  evident  that 
the  fonoroas  Rays  by  the  trembling  of  this 
Membrane  are  conveyed,  by  means,  of  thefe 
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agitated  Nerves,  to  the  common  Senfory,  and 
there  excite  the  Idea  3  of  Sound. 

*  Nothing  is  more  furprifing  throughout  the 
whole  Body  than  the  Fabric  of  the  Os  petrofum  5 
it  is  perhaps  above  a  hundred  times  harder  than 
any  other  Bone,  even  harder  than  the  Teeth  them- 
felves,  infomuch  that  even  in  the  Foetus  it  is  al- 
moft  like  Marble,  when  ail  the  other  Bones  are 
extremely  foft ;  except  only  that  this  Bone  is  alfo 
foft,  and  almoft  capable  of  being  cut  in  that  part 
where  it  unites  with  the  Os  fquamofum.  Into  this 
Bone  the  Nerve  of  the  feventh  pair,  which  the 
Antients  called  the  fifth,  enters •,  though  Vefalius 
neither  includes  the  pathetic  Nerve  nor  the  maftoide 
Procefies ;  but  they  are  taken  in  by  Euftachius  in 
his  Catalogue  of  the  Nerves.  This  acouftic  Nerve 
is  compofed  of  two  Trunks,  the  one  foft  and  the 
other  hard,  termed  the  Portio  dura  and  Portio 
mollis  of  the  auditory  Nerve.  Thefe  two  Trunks 
arifing  from  one  common  origin,  pafs  together 
through  a  large  Sinus  in  that  fide  of  the  Os  petro¬ 
fum  which  lies  towards  the  Brain  ;  but  in  this  large 
Sinus,  the  foft  Trunk  departs  from  the  hard  part 
of  the  Nerve,  which  laft  is  received  into  a  peculiar 
Canal,  which  Fallopius  has  denominated  an  Aque¬ 
duct  5  which  is  a  very  improper  name  for  this 
Tube,  though  it  is  given  by  one  of  the  firft  Ana- 
tomifts  in  Europe,  Du  • Verney .  Through  this 
AqueduCt  in  the  Os  petrofum,  the  Nerve  at  length 
pafles  and  fends  off  the  Chorda  Tympani,  and 
palTing  on  through  the  maftoide  Procefs,  it  goes 
out  by  a  bony  Canal  betwixt  that  and  the  ftyloide 
Procefs,  fending  Branches  to  thofe  parts  of  the 
Head  which  require  to  be  very  fwiftly  moved : 
Whence  it  feems  very  probable  that  thefe  Branches 
are  detached  from  the  auditory  Nerve,  that  the 
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Head  might  be  fwiftly  turned  towards  any  Sound. 
But  the  loft  Portion  of  the  Nerve  becomes  fur- 
prifingly  fine  in  the  Bottom  of  the  bony  Dudt,  fo 
that  it  feems  to  vanilh  and  terminate,  in  a  blind 
Recefs,  like  as  when  the  Finger  is  inferted  to  the 
Bottom  of  a  Glove.  But  the  Induftry  of  Valfal- 
va  has  difcovered  five  very  minute  Foramina  in 
the  Bottom  of  this  Sinus,  which  lead  into  the  Os 
petrofum.  Through  thefe  very  minute  Canals 
the  Pulp  of  the  Nerve  itfelf  is  conveyed  into  the 
Veftibulum,  and  there  appears  to  be  the  immediate 
and  true  Inftrument  of  the  Senfe  of  Hearing, 'even 
though  it  is  by  much  the  fmalleft  Part  in  Appear¬ 
ance  of  the  auditory  Nerve  ;  for  there  are  only 
five  fmall  Filaments  of  the  auditory  Nerve  belong¬ 
ing  to  this  Senfe,  and  deftined  to  the  Perception 
of  Sounds,  all  the  thick  Part  of  that  Nerve  being 
fpent  upon  the  Integuments. 

1  Of  thefe  five  fmall  Filaments,  three  of  them 
perforate  the  Os  petrofum,  and  enter  into  the 
three  femicircular  Canals,  which  are  bony,  hollow, 
and  refounding  ;  and  in  the  refounding  Cavities  of 
thefe  Canals  the  three  fmall  Nerves  are  expanded, 
and  at  length  meet  together  with  the  fourth  Fila¬ 
ment  (§.  562.)  which  entered  the  Cochlea.  But 
the  V eftibulum  is  a  Cavity  in  the  Os  petrofum, 
which  follows  next  under  the  Membrane  of  the 
Feneftra  ovalis.  If  it  be  alked.  Why  the  three 
femicircular  Canals  were  formed,  we  anfwer,  that 
the  three  nervous  Filaments  might  be  expanded 
round  them  in  Order  without  Confufion,  and  de¬ 
fended  from  the  lead  Injury  by  to  firm  a  Support. 
But  why  there  fhouid  be  five  Openings  to  the  three 
Canals,  or  why  Nature  has  reduced  their  Number 
to  three,  is  not  our  Bufinefs  to  fay. 

3  From  all  that  has  been  faid,  it  is  evident  that 
the  Membi ane  of  the  tympanum  being  fl ruck 
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harmonically  by  Sounds,  transfers  the  fame  Undu¬ 
lations  to  the  Membrane  of  the  Feneftra  ovalis  ; 
under  which  Membrane  follows  the  foft  Part  of 
the  auditory  Nerve,  namely,  the  three  Filaments 
which  enter  into  the  femicircular  Canals,  and  that 
fourth  Filament  which  is  inflected  and  fpread 
round  the  other  Winding  of  the  Cochlea.  Thefe 
Nerves  therefore  tremble  by  the  Tremors  received 
from  the  Membrane  of  the  Feneftra  ovalis  ftruck 
by  the  Stapes  ;  and  this  Tremor  in  the  Nerve  is 
what  we  call  Flearing. 

§.562.  But  the  Fabric  of  the  fpiral  Cochlea  1 
appears  above  all  to  be  formed  moft  admira¬ 
bly,  fince  the  Canalis  ofleus,  which  is  coni¬ 
cal,  makes  two  fpiral  Turns  and  a  half  up¬ 
wards  from  its  Bafis  about  its  bony  Cone,  its 
Apex  terminating  at  the  Point  of  the  fame 
Cone  ;  and  is  at  the  fame  time  divided  in  eve¬ 
ry  Part  from  the  Bafis  to  the  Apex  by  a  tri¬ 
angular  Partition  which  fevers  the  fame  into 
two  equal  Parts,  the  Partition  itfelf  being  fu- 
ftained  by  the  Cone,  fmootb,  tremulous,  and 
elaftic ;  on  the  outward  Part  which  refpedls 
the  Cone  that  fupports  the  fame,  it  is  a  ner¬ 
vous  Membrane  in  fome  meafure  attached  to 
the  forementioned  bony  Parts  and  partly  fixed 
to  the  Canalis  ofleus ;  fo  that  thus  thefe  two 
fpiral  Cavities  do  not  at  all  communicate,  but 
the  Mouth  of  the  uppermoft:  opens  into  the 
Veftibulum,  and  the  lowermoft  is  clofed  by 
the  Membrane  of  the  Feneftra  rotunda ;  and 
thus  the  very  tender  fmall  acouftic  Nerves  2,  ap¬ 
pear  to  be  every  where  diftributed  throughout. 
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*  By  the  Cochlea  we  underftand  a  fpiral  Body, 
w,ach  is  hollow  and  of  a  conical  Figure,  par¬ 
titioned  into  two  femi-conical  Cavities.  °The  Sep¬ 
tum,  which  divides  the  hollow  Cone  into  two  Ca¬ 
vities,  is  a  triangular  Ifofeles  ;  and  that  Portion  of 
n  which  belongs  to  each  Cavity,  is  a  right-angled 
Triangle.  For  when  a  lira it  Cone  is  divided  per¬ 
pendicularly  to  its  Bafis,  the  Plane  which  paffes 
through  its  Center  will  divide  the  Cone  into  two 
equicrural  Triangles,  and  if  the  fame  be  divided 
through  its  Axis,  it  will  form  two  equal  and  right- 
augled  Triangles.  Now  one  of  the  right-angled 
Triangles  in  the  Cochlea  is  bony,  and  the  other 
membranous  or  nervous.  But  again,  this  whole 
equicrural.  Triangle,  with  the  two  right  Angles  of 
which  it  is  compofed,  is  inflefted  in  the  Cochlea 
round  a  Cone,  fo  as  to  deforibe  the  Spiral  of  Ar¬ 
chimedes ;  namely,  two  whole  Circumvolutions 
and  a. half.  This  Fabric  was  chofe  by  Nature  for 
reducing  the  fame  into  a  finall  compafs ;  for  a  Spi- 

ral  is  fix  times  longer  than  the  right  Line  about 
which  it  is  infledted. 

*  The  two  Cavities  of  the  Cochlea  have  each 
their  particular  Nerve,  which  is  infiefted  round 
their  hollow  Surface.  But  there  is  alfo  another 
lmaJl  filament,  which  is  one  of  the  five  Nerves  be 
fore-mentioned,  (§.561.)  which  is  fent  into  the 
winding  of  the  Veftibulum  which  terminates  under 
the  Feneftra  ovalis  ;  and  therefore  this  k ft  fmail 
Nerve  is  expofed  to  the  Tremors  of  the  Membrane 
belonging  to  the  Feneftra  ovalis,  which  receives 
its  Vibrations  from  thofe  of  the  Air  conveyed 
through  tne  external  Ear  to  the  Tympanum.  But 
the  other  fmail  Nerve  which  enters  through  the 
Apex  of  the  Cochlea*  and  is  fpread  through  the 
fecond  Cavity  thereof;  namely,  the  winding  of 
the  Tympanum  infkded  or  circumvoluted  into 


2i2  Of  the  Hearing .  §.  563* 

two  rounds  and  a  half*,  and  this  laft  Cavity  ter¬ 
minates  at  the  Feneftra  rotunda,  in  which  there-  is 
nothing  either  of  Mufcle  or  Bone,  but  only  a  thin 
tremulous  Membrane.  Thefe  two  laft  mentioned 
Seales  or  winding  Stairs  are  of  great  ufe.  When 
we  do  not  attend  to  Sound,  the  Membrane  of  the 
Tympanum  is  ftretched  to  fome  particular  Degree 
of  Tenfion,  and  in  that  cafe  a  Man  who  is  in  Si¬ 
lence  and  Meditation  will  diftindtly  perceive  only 
one  Sound,  namely,  that  which  is  in  unifon  with 
the  Tenfion  of  the  Membrane  of  the  Tympanum  : 
but  in  talking,  the  other  Sound  which  was  indiftinct- 
ly  received  efcapes  the  Perfon,  who  looking  round 
fays  to  his  Friend,  I  heard  you  fay  fomething  but 
it  efcaped  me.  This  firft  confufed  Perception, 
which  is  conveyed  to  the  common  Senfory,  feems 
to  arife  through  the  Feneftra  rotunda,  which  is  a 
iimple  Membrane,  immutable,  and  furnifhed  with 
no  Machine  to  vary  its  Tenfion  ;  whence  it  feems 
to  be  the  true  Organ  of  indiftindt  Hearing,  which 
we  commonly  call  a  Noife :  But  when  the  Mind 
thus  perceives  any  fuch  indiftindt  Sound,  the  Ears 
are  immediately  eredted,  that  is  to  fay,  the  Tym¬ 
panum  is  ftretched  by  the  Contraction  of  the  three 
Mufcles  which  belong  to  the  Malleus  and  Stapes ; 
which  Tenfion  is  gradually  increafed  till  it  finds 
the  fingle  Point  or  Degree  which  is  harmonical 
with  the  external  Sound,  and  then  the  Hearing  is 
diftinCt.  Hence  therefore  the  Organ  of  Hearing 
feems  to  be  twofold,  one  for  admonifhing  and  gi¬ 
ving  warning,  and  the  other  for  diftinguifhing. 

§.  563.  For  by  this  Contrivance 1  it  is  pof- 
fible  for  an  infinite  Number  of  fmall  tremulous 
Chords  to  be  afiigned,  of  an  equal  Degree  of 
Tenfity  in  this  Lamella,  in  a  Direction  from 
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its  Balls  terminating  in  its  Apex ;  fo  that 
among  thefe  almoft  innumerable  Chords  there 
will  be  always  fome,  which  being  in  harmo- 
nical  Confent,  will  tremble  with  every  Sound, 
fo  as  to  be  capable  of  reprefenting  the  fame, 
and  of  conveying  it  as  fuch  to  the  common 
Senfory;  fo  that  the  nice  Diftinftion  of  diffe¬ 
rent  Sounds  is  performed  by  means  of  the 
Membrane  belonging  to  the  Feneftra  ovalis, 
while  the  Office  of  the  Membrane  of  the  Fe¬ 
neftra  rotunda  is  only  to  give  notice  of  a  Noife 
or  indiftinct  Sound,  the  Perception  of  which 
being  communicated  excites  the  Attention,  by 
which  means  at  the  fame  time  the  bony  Or- 
gans  2  of  Hearing  and  the  Tympanum  are 
firetched  by  their  refpedtive  Mufcles,  that 
they  may  be  capable  of  diftinguifhing  what  is 
heard. 

1  They  who  are  verfed  in  the  Principles  of  Geo- 
metry  will  eafily  underftand  what  is  here  faid. 
Let  us  fuppofe  a  Circle,  in  the  Center  of  which  is 
erefted  a  right  Line  perpendicular  to  the  Plane  of 
the  Circle  of  any  given  Height  *,  and  from  the 
Point  or  Top  of  that  Line,  let  a  tangent  Line  be 
drawn  to  any  Point  of  the  Circumference  of  the 
Circle :  If  this  Tangent  be  moved  round  the  whole 
Circumference  of  the  Circle,  while  it  remains  fix¬ 
ed  to  the  Apex  or  Top  of  the  perpendicular  Line,' 
it  will  produce  or  generate  a  true  Cone.  From 
the  Apex  of  fuch  a  Cone,  let  two  right  lines  be 
drawn  to  the  two  extreme  Points  of  any  of  its 
Diameters  *,  and  thus  will  be  formed,  by  thefe 
Lines  an  Ifofeles  Triangle,  which  will  divide  the 
Cone  into  two  equal  Parts.  But  this  Triangle  will 
-  •  P  3  be 
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be  divided  by  that  perpendicular  Line  which  we 
call  the  Axis  of  the  Cone,  into  two  right-angled 
Triangles..  If  now  an  infinite  Number  of  Lines, 
parallel  to  the  Bafis  of  the  Circle,  are  drawn  from 
that  Axis  to  either  Side  of  the  Triangle,  all  of 
them  together  with  the  Axis  and  thofe  Sides  will 
form  Triangles  which  will  intercept  fimilar  Tri¬ 
angles,  and  will  be  conftantly  the  fame  as  to 
their  Angles,  in  which  the  parallel  Lines  interfedt 
the  Sides  of  the  larged  Triangle,  the  Apex  of 
which  will  conftantly  remain  the  fame.  All  pof- 
fible  Lengths  therefore  may  be  formed  betwixt  the 
largeft  and  the  leaft  in  thefe  Lines  parallel  to  the 
Bafis,  even  from  the  greateft  (namely,  the  Radius 
of  the  Bafis  of  the  Cone)  to  the  fmalleft,  which  is 
but  little  differing  from  a  Point  infinitely  minute. 
What  has  been  before  advanced  is  applicable  to 
the  Cochlea,  the  Septum,  or  Partition  of  which 
(§.  562.)  is  fuch  a  right-angled  Triangle ;  and  the 
fmall  Nerves  defcending  from  the  Center  of  the 
the  Nucleus  or  Axis  to  the  Circumference  of  the 
fpiral  Lamina,  will  be  thofe  parallel  Lines  of 
which  we  before  fpoke.  It  therefore  only  remains 
for  an  infinite  Number  of  nervous  Chords  of  all 
Lengths  to  be  formed  betwixt  the  Point  or  Apex 
and  Semi-diameter  of  the  fpiral  Lamina  of  the 
Cochlea,  where  it  is  broadeft  at  its  Bafis.  But 
thus  we  fhall  have  an  infinite  Number  of  Chords, 
which  may  tremble  in  unifon  with  the  infinite  Va¬ 
riety  of  Sounds ;  the  longeft  of  them  will  exprefs 
the  moft  grave  Tones,  and  the  fhorteft  the  moft 
petite  Tones :  fo  that  among  the  infinite  Variety,  if 
one  Chord  will  not  tremble  at  a  particular  Sound, 
yet  another  will  be  found  to  tremble,  harmonically  \ 
but  when  that  Chord  trembles  all  the  reft  which 
are  odtaves,  fifths,  or  thirds,  greater  or  lefs,  will 
alfo  conjoin  their  Tremors  to  form  one  harmonica! 
„  •  *  :  Sound  $ 
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Sound-;  and  thus  it  will  be.  conveyed  to  the  audi¬ 
tory  Nerve,  which  communicating  the  fame  to 
the  Brain  produces  the  Senie  of  Hearing.  From 
hence  therefore  the  Reafon  is  evident  why  we  are 
capable  of  fuch  an  exquifite  DiffinCtion  of  Sounds, 
and  alfo  why  we  do  not  perceive  the  greated 
Sounds  nor  the  lead  by .  the  Senfe  of  Hearing; 
namely,  becaufe  neither  of  them  can  find  a  confo- 
nant  Chord  in  the  fpiral  Lamina  of  the  Cochlea. 
Thus  the  larged  Pipe  in  the  Organ  being  blown, 
yields  a  Tone  hardly  perceptible  to  the  Ears.  And 
from  hence  again  it  is  evident,  why  half  of  the 
Septum  of  the  Cochlea  is  bony  ;  namely,  that  the 
Chords  thereto  attached  might  refound  ;  for  if  mu* 
deal  Chords  are  fadened  to  a  foft  Body,  they  ne¬ 
ver  yield  any  Tone. 

*  The  Organ  of  Hearing  is  the  mod  complex 
of  any  belonging  to  the  Senfes,  for  it  includes, 
(1.)  The  external  Ear  with  its  Excavations,  Emi¬ 
nences,  Mufcles,  &c.  (2.)  The  Meatus  Audito- 

rius  with  its  anterior,  cartilaginous  and  poderior 
bony  Part  lined  with  its  proper  Membrane.  (3.) 
The  threefold  Membrane  of  the  Tympanum, 
with  the  tremulous  Chord  dretched  underneath, 
which  is  eladic  and  nervous,  compofed  of  two 
different  Trunks  of  Nerves  like  unto  the  Chords 
which  are  dretched  under  the  Parchment  of  ordi¬ 
nary  Drums.  (4.)  The  four  fmall  Bones  of  Hear¬ 
ing,  with  their  four  Mufcles  and  Ligaments.  (5.) 
The  Cavity  of  the  Tympanum,  with  its  appendage, 
in.  the  madoide  Procefs.  (6.)  The  Euftachian 
Tube,  with  its  dilating  Mufcles  and  double  carti¬ 
laginous  Gate  or  Entrance  which  opens  near  the, 
Nofe.  (7.)  The  Os  petrofum,  with  the  Aque¬ 
duct  of  Fallopius  and  hard  part  of  the  Nerve.  (8.) 
The  foft  auditory  Nerve  dividing  irifelf  into  five 
Blanches  of  fmall  Nerves,  two  of  which  are  fpread 
.  >  Pa  '  round 
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round  as  many  fpiral  Cavities  in  the  Tympanum, 
and  three  are  fpread  within  the  femicircularCanals. 
Four  of  thefe  Nerves  terminate  at  the  Feneftra 
ovalis,  and  one  of  them  at  the  Feneftra  rotunda. 
(9.)  The  Feneftra  ovalis  and  rotunda,  with  the 
Veftibulum,  Cochlea,  and  femicircular  Canals. 
With  fuch  a  wonderful  and  complex  Fabric  has 
Nature  formed  this  Organ,  not  only  to  be  fenfible 
of  any  one  fingle  Sound,  but  alfo  that  we  might 
perceive  all  Tones  which  are  Harmonical ;  and 
therefore  it  was  necefiary  for  the  Ear  to  be  a  pen- 
fedt  mufical  Inftrument  or  Organ  *  and  hence  it 
was  necefiary  for  it  to  be  provided  with  fo  many 
fmall  Bones  and  Mufcles,  &c.  But  this  Multipli¬ 
city  of  Parts  in  the  Organ  of  Hearing,  renders  it 
difficult  for  the  Phyfician  to  determine  from  what 
Caufe  Deafnefs  arifes  ;  for  the  Parts  are  very  nu¬ 
merous,  and  may  be  injured  various  ways.  The 
external  auditory  Pafifage  may  be  obftrudbed,  the 
Membrane  of  the  Tympanum  may  offify  or  be¬ 
come  callous,  or  it  may  be  broke,  the  Perioftea 
of  the  fmall  Bones  may  caufe  them  to  grow  toge¬ 
ther,  the  fame  Bones  may  be  corrupted,  the 
Membrane  of  the  Feneftra  rotunda  or  ovalis  may 
become  Callous,  the  Euftachian  Tube  may  be 
(topped  up  ;  and,  laftly,  in  the  fingle  Labyrinth 
may  happen  a  thoufand  Diforders  which  may  de- 
ftroy  the  Hearing. 

§.  564.  But  whether  or  no  the  extreme 
Filaments  of  thefe  fmall  Nerves  having  per¬ 
formed  their  Office,  and  been  diftributed 
within  the  Labyrinth,  return  1  again  to  the 
Brain  and  common  Senfory,  is  much  to  be 
queftioned  ?  But  thus  Simoncelli  has  thought, 
gnd  fo  it  has  been  reprefen  ted  by  Miflichelli  in 

his 
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his  Letters.  In  fhort,  an  infinite  Nuixiber 
of  Enquiries  remain  ftill  to  be  made. 

erit  xe  orsninnsi  aavisH  dbrb  lc  t<vT 

1  Thefe  minute  Anatomifls  propofed  a  new  Bif- 
covery  with  which  at  firfl  I  was  wonderfully  taken. 
They  affirmed  that  the  foft  and  hard  part  of  the 
auditory  Nerve  indeed  enter’d  the  auditory  Sinus, 
and  were  there  expanded  feparately  in  the  manner 
which  is  commonly  known  ;  but  then,  lay  they, 
the  foft  Nerve  does  not  there  terminate  as  is  com¬ 
monly  fuppofed,  but  returns  again  to  the  Brain 
into  which  it  penetrates  very  deeply  :  and  therefore 
is  not  Hearing  performed  in  the  auditory  Nerve 
when  it  is  returned  into  the  Brain,  and  not  in  the 
Os  petrofum  ?  To  this  they  add,  a  very  confidera- 
ble  Conjecture,  namely,  that  the  Senfes  return  to  the 
Brain,  by  the  Communications  of  the  Nerves. 
But  thefe  Anatomifls  feem  to  have  indulged 
Conjecture  too  much,  going  beyond  the  Limits  of 
Experience  *,  for  no  one  could  ever  repeat  their 
Difcoveries,  which  never  appeared  to  me  upon 
the  mofl  diligent  Enquiry,  and  which  were  not 
fupported  even  by  the  Difcoverer  in  his  latter 
Epiftles.  They  might  have  been  impoled  upon 
by  that  fmall  branch  of  a  Nerve  which  comes 
from  the  Organ  of  Hearing,  and  paffcs  into  the 
Dura  Mater  of  the  Brain  ;  which  Communication 
betwixt  the  Nerves  ought  not  to  feem  furprifing, 
fince  the  internal  Periofleum  of  the  Os  petrofum 
is  a  fingle  Membrane  continuous  with  the  Dura 
Mater.  But  then  it  ought  not  from  thence  to  be 
afferted,  that  the  foft  Nerve  returns  to  the  Brain 
after  it  has  enterd  the  Veflibulum  in  the  form  of  a 
Pulp  ;  for  this  feems  to  be  repugnant  both  to  Rea* 
fon  and  Experience.  The  Heart  propels  the  Blood 
into  the  Brain  with  a  confiderable  Force,  and  di~ 
ftencte  the  fame  as  it  were  on  all  Tides  in  Lines 

drawn 
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drawn  from  a  Center  to  the  Circumference  ;  and 
therefore  For  any  Humour  to  return  into  the  Brain, 
it  muft  be  propelled*  with  a  Force  capable  of  over¬ 
coming  the  Refiftance  of  the  Blood  fent  to  the  Brain 
from  the  Heart  ;  but  fuch  a  Force  can  by  no  means 
be  fuppofed  in  a  foft  Nerve,  which  is  not  only  a 
moft  foft  Pulp,  but  is  likewife  not  provided  with 
any  mufcular  Power  in  the  Ear,  whereby  any  fuch 
Force  can  be  communicated. 

§•  565.  From  hence  we  may  be  capable  of 
underftanding  the  reafon  why  the  Hearing  is 
more  acute  or  quick  by  applying  the  Hand 
hollow  1  to  the  external  Ear,  and  direfting  the 
feme  towards  the  fonorous  Rays? 

Why,  on  the  contrary,  the  Hearing  is  diffi¬ 
cult  or  more  dull  when  the  external  Ear  2  is 
cut  off? 

Why  the  Hearing  is  more  exquifite  when 
the  Plane  of  the  Ear  is  directed  towards  the 
Sound  at  an  Obliquity  3  of  forty-five  Degrees  ? 

And  why  we  hear  more  plainly  when  the 
Mouth  is  open  and  the  lower  Jaw  hangs  pei> 
dulous  4  ? 

Why  there  is  a  humming  Noife  in  the  Ear, 
fo  as  to  render  the  Hearing  more  dull  when 
we  whijlle  5  or  blow,  gape,  blow  the  Nofe, 
jpeak  Jhrill 6  or  Jing  7  ? 

Why  deaf  People  hear  the  gnajhing  8  of  their 
Teeth,  or  the  Sound  of  a  Body  which  is  held 
betwixt  them  ? 

And  why  deaf  People  likewife  frequently 
hear  well  by  fpeaking  into  their  Mouth  9  ? 

Why; 


i  •  * 
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Why  Deafnefs  follows  from  any  kind  of 
Obftfuftion  in  the  Cavity  of  the  Buftachian 
€tubelol 

Why  Deafnefs  likewife  follows  from  a  Rup¬ 
ture  11  of  the  Membrane  of  the  Tympanum  ? 

By  what  Pafiage  fome  People  are  capable  of 
difcharging  Smoak  12  from  their  Mouth 
through  their  Ears  ? 

Whence  it  is  that  we  hear  but  one1 3  diftindt 
Sound  not  at  all  confuted,  though  received  by 
two  different  Ears. 


1  Children  in  Churches  endeavour  to  nfove  fur- 
prife  in  their  Companions,  by  directing  them  to 
apply  their  hollow  Hand  to  the  external  Ear,  by 
which  means  the  Sound  is  conveyed  three  times 
ftronger  than  if  it  was  received  by  the  external 
Auricle  only  ;  for  the  Hand  thus  receives  the 
Tremors  of  the  Air  in  the  fame  manner  as  the  ex¬ 
ternal  Ear  itfelf,  but  in  twice  as  great  a  quantity, 
as  it  is  twice  as  broad. 

a  This  happens  when  the  external  Ear  is  loft 
even  in  Men  who  before  heard  the  mo  ft  exqui- 
fitely.  For  when  the  external  Ear  is  loft,  all  thole 
fonorous  Rays  flip  on  one  fide  which  do  not  enter 
the  Ear  in  a  right  Line  from  the  fonorous  Body. 
But  the  Surface  receiving  the  fonorous  Rays  being 
diminifhed,  and  part  of  the  refledting  Machine 
being  deftroyed,  the  number  of  fonorous  Rays 
muft  confequentfy  be  leffened  fo  as  to  confiderably 
weaken  the  Sound.  For  the  external  Ear,  as  we 
pbferved  before,  ftands  out  at  a  diftance  from  the 
Sphere  of  the  Head,  and  colledls  together  the 
Rays  which  would  otherwife  have  efcaped  ;  and 
therefore  People  who  are  deprived  of  this  colledt- 
ing  Machine  muft  be  obliged  to  direct  their  Ears 

towards 
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towards  every  Sound,  like  Horfes  and  Dogs  who 
have  had  their  Ears  cut  off,  by  which  means- 
hardly  one  tenth  part  of  the  Hearing  remains  *,  fo 
that  in  thefe  Animals  we  may  perceive  that  they 
move  their  Head  continually  towards  all  quarters 
to  receive  the  fonorous  Rays,  as  if  they  were  fen- 
fible  of  their  lofs  of  this  colle&ing  Machine. 

3  Hence  it  is  that  People  who  are  deaf  do  not 
turn  their  Face  towards  the  Preacher  like  other 
People,  but  the  fide  of  their  Head  inclined  a  little 
obliquely  for  when  they  look  diredHy  towards 
the  Speaker,  the  convex  Face  of  the  Ear  being 
turned  towards  the  fonorous  Objedl,  admits  much 
fewer  Rays  than  if  they  were  to  be  received  and 
colledted  by  the  broad  and  hollow  part  of  the  Ear 
diredted  oppofite  to  the  Perfon  fpeaking. 

4  When  a  Perfon  is  in  fome  Solitude,  and  per¬ 
ceives  a  Sound  coming  from  a  Diftance,  which  he 
defires  to  perceive  more  diftindtly  ;  if  we  then  ob- 
ferve  the  endeavours  ufed  to  hear  attentively,  we 
lhall  find  that  he  (lands  quite  f  ill,  holds  his  Breath 
and  opens  his  Mouth,  becaufe  then  the  Sound  pe¬ 
netrates  the  arched  part  of  the  Palate  and  Eufka- 
chian  Tube  to  the  internal  Ear,  almofl  in  as  great 
a  quantity  as  through  the  Meatus  Auditorius,  by 
which  there  is  almofl  double  the  quantity  of  fono¬ 
rous  Rays  coiiedled.  When  fkilful  Painters  draw 
Apollo  ftriking  the  Harp,  they  exprefs  the  People 
Hearing  with  the  greatefl  attention  of  Mind  with 
their  Mouths  drawn  wide  open.  They  might  pof- 
fibly  have  taken  this  from  having  obferved  the 
common  People  giving  audience  to  a  Mountebank, 
who  being  full  of  Credulity  hand  gaping  and  with 
eredled  Ears  to  receive  what  he  has  to  fay. 

5  We  are  faid  to  blow  when  we  draw  in  a  large 
Quantity  of  Air  by  Infpiration,  and  retaining 
the  fame  for  a  while,  and  clofing  the  Cavity  of  the 

Noftrils 
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Noflrils  by  the  Velum  of  the  Palate  as  with  a 
Curtain,  we  then  expel  all  the  Air  through  the 
Mouth  contraded  into  a  narrow  Opening,  increa- 
fing  the  Celerity  of  the  Air’s  Current  by  diminifii- 
ing  the  Aperture  of  the  Tube.  In  this  Adion 
therefore  the  Air  being  colleded  and  retained, 
rufhes  towards  the  Mouth  ;  and  not  finding  there 
an  eafy  Paffage,  enters  the  Euftachian  Tube  and 
internal  Ear,  fo  as  to  prefs  outward  the  Membrane 
of  the  Tympanum,  refill  Sounds  coming  through 
the  Meatus  auditorius,  and  occafion  us  to  hear  an 
indiftind  buzzing  Noife  inftead  of  a  clear  Voice. 

6  A  Perfon  who  is  ufed  to  fpeak  with  a  grave 
Voice,  endeavours  to  fpeak  with  an  acute  Tone 
in  order  to  be  heard  at  a  greater  Diflance,  the 
Tone  being  then  feminine  and  fharp  ;  and  thofe 
who  thus  ufe  a  mafculine  and  flrong  Voice,  when 
they  endeavour  to  fpeak  with  fuch  a  fhrill  and 
puerile  Voice,  they  do  it  with  fome  Difficulty  of 
draining.  This  Shrilnefs  of  Voice  is  formed  by  a 
very  clofe  Approximation  of  the  Glottis,  through 
which  the  Air  is  very  fwiftly  propelled  from  the 
Thorax  ;  and  by  the  fame  means  likewife  the  Air 
rufhes  through  the  Euftachlan  Tube  into  the  inter- 
nal  Ear.  'Tiberius  Gracchus ,  who  was  one  of  the 
greatefl  Orators  of  his  Age,  when  fpeaking  with 
the  greatefl  Intenfity  of  Mind  to  the  People,  ufed 
to  cry  out  like  an  old  Woman,  nor  did  he  him- 
felf  hear  in  what  a  difagreeable  Manner  he  fpoke  ; 
but  to  avoid  this,  he  had  a  Servant  who  ufed  to 
found  a  Pipe  of  an  acute  Tone,  to  which  he  ren¬ 
dered  his  Voice  conformable. 

7  When  Perfons  who  are  very  well  fkill’d  in 

Mufic, .  are  defired  to  fing  to  any  mufical  Inftru- 
ment  higher,  or  in  a  more  acute  Strain  than  is 
natural  to  their  Voice,  they  eafily  err  when  they 
come  to-  the  moil  acute  Tones,  nor  can  they  ex- 
•  prefs 
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prefs  by  their  greateft  Endeavours  thofe  Tones 
which  have  been  fet  before  them  by  the  Organ  ; 
and  therefore  the  Ears  are  difagreeably  afFedted 
v/henever  the  Voice  is  drain’d  in  that  manner  : 
for  in  the  mod  acute  Tones  the  Glottis  is  very 
ftridtly  approximated  together,  and  the  Air  is  ve¬ 
ry  fwiftly  expelled,  both  which  are  Caufes  of  a 
fhrill  Voice:  but  the  Air  rufhing  with  great  Ra¬ 
pidity  through  the  Glottis,  enters  the  Euftachian 
Tube  of  the  internal  Ear,  fo  as  to  difturb  the  Per¬ 
ception  of  the  external  Sound. 

8  Deaf  People  who  can  hear  nothing  with  their 
Ears,  may  yet  hear  by  their  Mouth.  Let  a  deaf 
Perfon  hold  an  iron  Rod  betwixt  his  Teeth  pen¬ 
dulous,  and  then  upon  (Iriking  the  fame  he  will 
perceive  the  Sound  of  the  trembling  Iron.  There 
was  a  certain  Mufician  at  a  Court,  who  became 
deaf  by  Difeafe  *,  but  by  holding  the  Handle  of 
the  Lute  in  his  Mouth,  he  could  then  (trike  the 
fame  agreeable  to  the  Rules  of  Art.  It  is  to  be 
obferved,  that  the  Tremors  of  the  Air  are  like  the 
Returns  of  elaftic  or  refalient  Bodies  ;  but  an  iron 
Rod  being  (truck,  trembles  and  communicates  its 
Tremors  to  the  Teeth,  fo  as  to  fhake  all  the  Bones 
of  the  Head,  and  with  them  likewife  the  audito¬ 
ry  Nerve,  as  if  it  was  affected  by  the  Tremors  of 
the  Air  conveyed  to  the  Tympanum.  Deaf  Peo¬ 
ple  are  capable  of  hearing  the  Difcourfe  of  others, 
while  they  are  carried  over  the  Stones  in  Coaches 
or  Waggons  which  have  iron  Chains  making  a 
rattling  Noife  *,  whereas  they  hear  nothing  when 
the  Carriage  (tands  (fill.  The  Daughter  of  the 
great  Colaart  was  deaf  from  her  Birth  ;  but  yet  (he 
could  hear  and  underftand,  when  the  whole  Houfe 
was  fhook  by  the  Report  of  a  Gun.  This  Vir¬ 
gin  was  taught  to  fpeak  by  Ammanus ,  and  an- 
fwered  to  thofe  who  alked  her,  that  when  (he 

fpoke 
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fpoke  flie  perceived  fomething,  but  could  not  tell 
whether  that  Senfe  was  the  fame  with  what  we  call 
Hearing.  She  certainly  heard  internally,  but  could 
not  ufe  the  Term  Hearing  in  that  Senfe  in  which 
we  underftand  it,  fince  ihe  never  heard  in  that 
manner :  for  they  who  have  never  heard  are  igno¬ 
rant  of  what  Hearing  is,  and  confequently  they 
are  not  able  to  explain  that  by  Words  which  they 
know  nothing  of.  But  when  the  Euftachian  Tube 
is  alfo  obftrufted,  in  that  Cafe  deaf  People  are  not 
able  to  hear  the  ftrongeft  Sounds. 

5  I  faw  a  Perfon  who  having  loft  the  external 
Ear,  ufed  to  receive  Sounds  by  his  Mouth  ;  and 
there  are  many  Inftances  of  this  when  the  auditory 
Pafiage  is  flopped  up,  or  the  Membrane  of  the 
Tympanum  render’d  callous;  for  Sounds  coming 
through  the  Mouth,  are  impelled  upon  the  arched 
Roof  of  the  Palate,  and  are  from  thence  refledted 
to  the  internal  Ear  through  the  Euftachian  Tube. 

10  Upon  this  I  have  made  fome  Obfervations. 
A  venereal  Ulcer  being  feated  near  thefe  Parts, 
or  Aphtha:  being  fpread  round  the  Fauces  occafion 
Deafnefs,  but  not  fuch  as  is  incurable  when  the  U1  • 
cer  or  Aphtha  are  removed.  When  the  Eufta¬ 
chian  Tube  is  fhut  up,  the  Air  retained  in  the 
Tympanum,  without  finding  any  Vent,  is  in  the 
mean  time  heated  and  rarified  fo  as  to  thruft  the 
Membrane  of  the  Tympanum  outwards,  and  prefs 
the  Membrane  of  the  Feneftra  ovalis  inwards,  by 
which  means  the  Communication  of  the  Tremors 
of  the  external  Air  to  the  auditory  Nerve  is  inter¬ 
rupted.  This  kind  of  Deafnefs  frequently  hap¬ 
pens  from  Quinfeys,  when  there  is  a  Metaftafis  or 
Tranflation  of  the  morbific  Matter  in  a  Pleurify 
upon  thefe  Parts ;  for  Matter  or  Mucus  compref- 
les  the  Euftachian  Pafiage ;  and  hence  this  kind 
of  Deafnefs  is  cured  by  a  Diarrhaea  following,  by 
aafocri  tranfla- 
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ting  the  Matter  another  way  as  Hippocrates  has 
obferved  of  old. 

11  The  Italian  Philofophers  have  made  many 
Experiments  in  this  refpeft  by  breaking  the  Mem¬ 
brane  of  the  Tympanum  in  living  Dogs,  by  which 
means  the  Hearing  continued  for  fome  time,  but 
gradually  lefiened,  till  at  length  the  Animal  be¬ 
came  quite  deaf.  For  when  the  Membrane  is  firfl: 
deftroyed,  the  Malleus,  Incus  and  Stapes  do  ne- 
verthelefs  remain  in  their  proper  Situations,  and 
are  capable  of  transferring  their  Tremors  to  the 
Feneflra  ovalis.  But  afterwards  by  degrees  the 
fmall  Bones  with  their  Membranes  and  Ligaments 
are  dried  up  by  the  external  Air,  contradl  and  be¬ 
come  rigid,  while  the  Tympanum  is  filled  with 
Duff  and  other  fmall  Bodies  floating  in  the  Air, 
which  totally  deftroys  the  Flearing.  Such  an  Ac¬ 
cident  I  knew  in  a  certain  great  Prince  who  flood 
too  near  a  very  great  Gun  at  the  Time  when  it 
was  dilcharged.  But  fometimes  the  Hearing  does 
not  totally  perifh  when  this  Membrane  is  wound¬ 
ed  ;  for  the  Membrane  of  the  Tympanum  may  be 
eafily  renewed,  and  the  Wound  of  it  healed,  pro¬ 
vided  the  Ears  are  continually  defended  from  the 
Injuries  of  the  Air. 

11  If  a  deaf  Patient  comes  to  confult  you  con¬ 
cerning  his  Flearing,  order  him  to  retain  the  Air, 
and  make  the  fame  endeavour  as  if  it  was  to  be 
blown  through  the  Mouth  and  Nofe  which  are  at 
the  fame  time  fhut :  If  now  the  Air  is  blown  thro* 
the  Ear,  the  Diforder  is  incurable.  For  the  Mem¬ 
brane  of  the  Tympanum  fometimes  departs  from 
the  bony  Circle,  but  this  not  without  Difeafe,  fince 
it  naturally  adheres  very  firm.  In  a  Patient  who 
is  thus  aftlieled,  the  Smoak  of  Tobacco  being  re¬ 
ceived  into  the  Mouth  after  the  Noftrils  are 
clofed,  it  may  be  blown  together  with  the  Air 
.  ,  through 
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through  the  Euftacbian  Tube,  fo  as  to  pafs  out 
through  the  external  Ear.  But  in  the  wild  Goat 
this  Fabric  or  departing  of  the  Membrane  of  the 
T ympanum  from  the  bony  Ring  ieems  to  be  na¬ 
tural  ,  fince  they  aie  not  fuffocated  by  ftopnino* 
their  Mouth  and  Nofe,  but  live  by  the  Air  drawn 
through  their  Ears.  This  we  are  told  by  Ariftotle . 

13  This  Queftion  is  not  eafy  to  folve,  nor  is  it 
anfwered  by  jr&lfdlvo,  by  laying  that  the  lemicircu- 
Et  Canals  are  of  the  lame  Length  both  in  the  rRht 
and  left  Ear  of  the  fame  Perfon  for  who  can  io 
much  as  hope  to  take  an  accurate  Dimenfion  of 
thefe  Cavities,  feeing  the  Difference  of  a  Grain  of 
Sand  in  their  Length  will  here  make  a  confidera- 
ble  Variation.  But  this  Queftion  ieems  to  be  the 
lame  with  that  which  we  propofed  with  regard  to 
the  Eyes,  namely,  why  we  fee  but  one  Image  with 
two  Eyes,  when  at  the  fame  time  the  Image  of 
the  Objedt  is  painted  both  in  the  right  and  in  the 
left  Eye,  and  by  them  tranfmitted  to  the  Mind. 
But  this  Phenomenon  feems  to  be  exp  icable  in 
the  following  manner.  So  long  as  the  Mulch?  of 
the  Malleus  and  Stapes  continue  perfectly  in  the 
lame  Degree  of  Tenfion  in  each  Ear,  we  then  hear 
but  one  Sound,  both  the  right  and  left  Ear  being 
then  in  Umfon  or  Confonance.  But  even  at  orher 
times  when  I  perfuade  myfelf  that  I  hear  but  one 
Sound,  I  then  hear  perhaps  a  thoufand  collected 
into  one  ;  for  the  infinite  Number  of  Bodies  which 
are  in  haimonical  Confent  tremble  together  at  every 
Sound,  which  is  thus  increafed  by  new  Vibrations, 
all  running  together  into  one  whole  Tone.  When 
a  thoufand  People  fing  in  a  Church,  while  at  the 
funic,  time  the  Organ  plays,  there  are  then  a  great 
many  dfffeiem  dones  produced  at  the  lame  time  • 
perhaps  there  may  be  eight  Tones  in  the  Organ’ 
and  four  among  the  People ;  for  forne  Men  fing 

Q».  Bale, 
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Bafe,  others  Tenor,  and  others  Treble;  but  the 
Women  fing  in  Alt.  But  if  now  there  is  only 
one  Perfon  among  them  all  unskilled  in  Harmony, 
I  then  hear  all  the  reft  as  one  Tone,  and  diftin- 
guifh  the  Voice  of  that  one  Perfon  as  a  different 
and  difeording  Sound.  Thus  alfo  there  are  fome 
People  who  fuffer  an  almoft  intolerable  tingling  in 
their  Ears  from  their  own  Voice,  infomuch  that 
they  are  obliged  to  flop  their  Ears  till  the  Force 
of  the  Diforder  is  over.  Thefe  People  feem  to 
have  loft  the  Confonance,  which  is  neeeffary  in  the 
Organs  of  Hearing,  which  cannot  all  be  ftretched 
to  Unifon  ;  other  wife  this  Phenomenon  feems  to 
be  unexplicable.  Concerning  Sounds  and  Harmo¬ 
ny  Merfennus  has  wrote  the  beft  in  his  very  fcarce 
Book,  entitled.  Harmonic  or  um>  lib .  12.  FoL  1648  5 
as  alfo  in  another  Volume  of  Commentaries  upon 
the  Book  of  Genejis ,  in  which  many  different  phi- 
lofophical  Experiments  are  contained  ;  for  that  Per¬ 
fon  being  a  Divine,  endeavoured  as  much  as  poflible 
to  refer  his  Writings  under  facred  Titles.  Kircher 
has  aho  publifhed  two  Books  in  Folio  upon  Har¬ 
mony,  the  one  is  M.ufurgia  Univer/alis ,  printed  at 
Rome ,  arm.  1650  ;  and  the  other  entitled  Pbonurgia, 
being  a  Compendium  of  the  former,  arm .  1670. 

Of  the  Internal  Senfes. 

§.  566.  Iff?  ROM  all  that  has  been  hitherto 
JP  faid  (§.  48 1  to  566.),  we  learn 
that  our  Bodies  receive  nothing  elfe  from  fen- 
fible  Objefts  to  produce  Senfation,  than  a 
Change  in  the  Surface  1  of  the  Nerve,  excited 
by  the  Contact  of  the  moving  Objedl. 

Seeing 
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1  Seeing  is  the  Retina  or  pulpy  Expanfion  of 
the  optic  Nerve  touched  by  a  Focus  of  the  Rays 
of  Light.  Smelling  is  the  Feeling  or  Contaft  of 
odorous  Particles  with  the  Surface  of  the  olfaftory 
Nerve  expanded  upon  the  Bones  of  the  internal 
■Nole.  Tailing  is  alfo  that  kind  of  feeling,  which 
is  produced  from  the  Contact  of  fapid  Bodies  with 
the  Papillae  of  the  Tongue,  arifing  from  the 
Branches  of  the  ninth  Pair  of  Nerves  ;  and  the 
Touch  or  Feeling  is  a  Motion  excited  in  the  loft 
iubcutaneous  Papillae  by  fome  Body  rubbing  againfi: 
the  Cuticle.  And  laltly.  Hearing  is  performed 
when  a  fonorous  Wave  or  Undulation  of  the  Air 
makes  an  Impreffion  upon  the  auditory  Nerve  by 
exciting  harmonica!  Tremors  in  the  Membrane  of 
the  Feneftra  ovalis.  We  never  hear  without 
Sound,  nor  fee  without  Light,  nor  do  we  even 
perceive  but  by  fome  Alteration  made  in  the  Body 
^  Organ  of  Senfe.  But  in  the  fenfitive  Oro-an 
ttleif,  there  is  no  other  Cnange  but  that  received 
by  the  Nerve  of  each  Organ  ;  for  Nature  has  fo 
defended  the  Nerves  in  every  Part,  that  it  is  im- 
poffible  for  the  Body  which  is  perceived  to  pene¬ 
trate  into  the  perceiving  Nerve,  or  to  make  any 
Alteration  in  the  fame,  but  what  is  received  in  its 
Surface.  .  When  therefore  the  Mind  perceives  any 
Change  in  its  Ideas  or  Thoughts,  the  Body  is 
changed  in  fome  of  its  fenfitive  Organs ;  and  that 
Change  is  made  in  the  Surface  of  the  Nerve  be¬ 
longing  to  each  Organ.  So  great  is  the  Simplici¬ 
ty  of  this  Contrivance,  that  it  is  with  Difficulty 
we  can  confide  in  the  Truth  of  it ;  but  this  is  ra¬ 
ther  an  Argument  of  its  being  the  Work  of  infi¬ 
nite  Wifdom,  which  is  capable  of  producing  ffig 
moll  complex  and  intricate  Efiefls  by  the  mofl 
ftmple  Means.  I  do  not  fay  that  this  Change  in 

AN  —  1  ■ 


228  Of  the  internal  Senfes.  §.567. 

the  Nerve  is  Perception,  but  I  fay  that  we  per¬ 
ceive  when  fuch  a  Change  is  made. 

§.  567.  This  Change  in  the  Surface  of  the 
Nerve  is  produced  by  the  various  Figure  1  and 
Bulk,  Hardnefs  and  Motion  of  the  fenfible 
Object:  whence  it  feems  probable  that  fen¬ 
fible  Bodies,  however  different,  would  always 
excite  the  fame  Senfe  upon  the  fame  Organ, 
provided  they  were  exa&ly  the  fame  in  thefe 
four  Qualities  2. 

1  If  a  Dram  of  Gold  is  beaten  into  thin  Leaves 
by  the  Hammer,  there  will  be  nothing  in  it  capa¬ 
ble  of  affeding  the  Tafte,  Smelling,  or  Hearing  ; 
but  if  the  fame  Gold  is  formed  into  a  ffiarp-point- 
ed  Bodkin,  it  will  wound  the  Tongue,  and  excite 
Pain  ;  or  if  it  is  formed  into  a  Bell,  it  will  pro¬ 
duce  Sound,  and  affed  the  Ear,  Esfa  and  there¬ 
fore  only  by  changing  the  Figure  of  a  Body, 
which  is  in  its  own  Nature  moft:  fimple,  its  Adi- 
on  or  Efficacy  may  be  varied  feveral  Ways. 

a  That  is  to  fay,  with  refped  to  their  Denfity, 
Rarity,  Magnitude  and  Minutenefs,  Hardnefs  and 
Motion.  For  thefe  Qualities  being  changed,  the 
Nature  of  the  Body  is  alfo  changed  with  refped 
to  us,  fo  as  to  make  the  Body  feem  to  be  of  ano¬ 
ther  kind.  Every  fenfible  Objed  which  agrees 
with  fome  other  in  Figure,  Bulk,  Hardnefs  and 
Motion,  will  excite  the  fame  Senfation,  and  will 
be  taken  for  the  fame  Body.  Gold  broke  into  the 
moft  minute  Particles,  and  applied  to  the  Tongue, 
does  not  excite  any  manner  of  Tafte  ;  but  if  the 
fame  is  diftolved  in  Spirit  of  Sea  Salt,  or  in  Aqua 
regia,  till  the  Menftruurn  is  faturated,  it  will 
continually  excite  a  fweetifh  and  aftringent  Tafte. 

The 
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The  Elements  or  Particles  of  pure  Gold  do  not 
excite  any  manner  of  Tafte;  but  Aqua  regia, 
though  not  more  in  proportion  than  the  thoufandth 
Part  in  a  drop  of  common  Water,  will  excite  the 
Tafte  of  a  ftrong  Acid.  But  a  Solution  of  Gold 
in  fuch  a  Menftruum  has  neither  the  Infipidity  of 
that  Metal,  nor  yet  the  Acidity  of  the  Aqua  re¬ 
gia,  but  a  new  and  peculiar  kind  of  aftringent 
Tafte.  If  now  a  Particle  of  Silver  equally  fmali 
with  a  Particle  of  Gold  can  be  endowed  with  the 
fame  Weight  and  Denfity,  Hardnefs  and  Figure 
with  that  of  the  Particle  of  Gold,  it  would  cer¬ 
tainly  be  no  longer  Silver  but  Gold  ;  fince  there 
would  be  no  Difference,  but  the  fame  Particle  of 
Silver  being  diflolved  in  Aqua  regia  would  afford 
the  fame  fweetifh  and  aftringent  Tafte  with  Gold. 
If  I  can  communicate  the  fame  Motion,  Figure, 
Hardnefs  and  Denfity  to  any  fmali  Body  which  is 
peculiar  to  Fire,  there  is  no  room  to  doubt  but 
that  Particle  or  Body  will  become  a&ual  Fire.  But 
it  is  not  in  our  Power  by  any  Artifice  in  Chemiftry 
fo  to  change  a  Body,  as  to  render  it  capable  of 
pervading  Glafs  without  altering  its  Powers  ;  and 
in  general,  if  all  Bodies  in  the  Univerfe  had  the 
fame  Denfity,  Figure,  Hardnefs  and  Magnitude, 
they  would  always  communicate  the  fame  Senfe 
or  Impreffion  to  our  Organs  ;*  for  though  they 
might  differ  with  refpeft  to  each  other,  yet  with 
regard  to  us  they  would  not  be  different.  Nor  is 
there  any  other  way  by  which  we  can  diftinguifti 
Bodies,  but  by  thefe  four  Qualities  which  we  per¬ 
ceive  by  our  Senfes.  Afk  one  of  the  more  mo¬ 
dern  Philofophers,  who  negled;  this  Simplicity, 
what  Gold  is  ;  and  he  will  anfwer,  that  it  is  a  Me¬ 
tal  the  moft  ponderous,  the  moft  dudlile,  of  a  de¬ 
terminate  Colour,  SV.  which  are  truly  the  cha- 
rg&eriftic  Marks  by  which  we  diftinguifti  Gold 
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from  all  other  Bodies.  But  then  it  is  to  be  obfer- 
ved,  that  all  thefe  Marks  belong  to  the  four 
Heads  before- mentioned  *,  for  the  Weight  is  dift 
covered  by  the  Balance,  £s?r. 

§.  568.  But  this  Change  only  in  the  Nerve 
is  not  fufficient  to  produce  Senfation;  but 
it  is  farther  required,  that  the  fame  Change 
b z  propagated  1  through  a  free  Nerve  to  fome 
Part  in  the  Medulla  of  the  Brain,  and  from 
every  Jingle2*  Nerve  to  a  correlponding  parti¬ 
cular  Part  in  the  Medulla  of  the  Brain  ;  and 
this  we  learn  from  Ligatures,  Wounds,  and 
Corruptions  of  the  Nerves  3  and  Brain. 

1  It  mijft  indeed  be  owned,  that  the  celebrated 
Natural ift  Perrault  is  of  another  Opinion  ;  but  cer¬ 
tain  it  is,  that  when  the  Brain  only  is  at  reft  in 
Sleep  no  Senfe  arifes,  even  though  the  fame  Im- 
preftion  be  made  upon  the  fenfttive  Organ  :  and 
therefore  a  mere  Change  in  the  Surface  of  the 
Nerve  of  the  fenfitive  Organ  is  not  alone  fufficient 
to  excite  Ideas  in  the  Mind  ;  but  it  is  neceftary 
tor  the  EiTedt  of  this  Change  on  the  Nerve  (I 
will  not  lay  the  Change  itfelf)  to  be  propagated 
into  the  Brain,  fo  as  to  produce  a  like  Change  in 
that  Part  of  the  Brain  where  the  Nerve  terminates, 
and  which  receives  the  Impreffion.  When  two 
Ounces  of  Water  are  extra vafated  into  the  Ventricles 
of  the  Brain,  the  Patient  is  not  fenfible  of  any 
thing,  not  fo  much  even  as  the  Report  of  the 
Jargeft  Gun  nor  the  ftrongeft  Light,  nor  yet  even 
the  moft  exquifite  Pain  of  burning.  Hitherto 
belongs  that  wonderful  Hiftory  of  the  Woman  at 
Paris  (§.  284.)  who  having  loft  Part  of  her  Scull 
went  about  afkjng  Alms  with  her  Brain  only  co¬ 
vered 
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vered  with  foft  Integuments.  Such  a  Womaft  I 
aifo  faw  dwelling  in  the  Village  of  Alphen ,  in  other 
refpedls  well,  only  having  loft  a  great  Part  of  the 
Os  bregmatis. 

a  The  Effect  of  this  Change  or  Impreffion  up¬ 
on  each  Nerve  is  tranfmitted  from  thence  into 
correfponding  particular  Parts  of  the  Medulla  of 
the  Brain.  If  I  touch  my  naked  Body  with  the 
Fore-finger,  there  follows  a  Senfation  \  and  if  I 
touch  the  fame  Body  with  the  Fore-finger  of  the 
left  Hand  whilft  contained  in  a  Glove,  there  then 
arifes  two  very  diftindt  Senfations  at  one  and  the 
fame  dmein  my  Mind  ;  and  therefore  it  follows, 
that  the  Effedl  of  the  Impreffion  or  Change  which 
arifes  from  the  Touch  of  the  right  Fore-finger, 
does  not  extend  to  the  fame  Part  in  the  Brain 
where  the  Effedt  of  the  Change  terminates,  which 
arofe  from  the  Touch  of  the  left  Fore- finger  ;  for 
if  both  thefe  Changes  were  conveyed  to  one  and 
the  fame  place,  they  could  not  by  any  means  ex¬ 
cite  diftindt  Senfations  in  the  Mind,  but  they 
would  be  confufed  together  as  one.  One  who  du¬ 
ly  confiders  all  thefe  Particulars  will  eafily  perceive 
that  there  mull  be  as  many  diftindt  Parts  in  the 
Medulla  of  the  Brain,  as  there  are  different  Senfes 
arifing  from  different  Nerves  formed  into  diftindt 
Organs  for  Senfation  •,  but  all  thefe  Parts  together 
in  the  Medulla  of  the  Brain  form  the  common 
Senfory  :  for  thus  do  we  call  that  Part  In  which 
all  the  Nerves  terminate,  and  to  which  they  con¬ 
vey  the  feveral  Changes  impreffed  upon  the  fenfitive 
Organs.  But  all  the  Nerves  arife  from  the  Brain, 
and  therefore  the  common  Senfory  muff  be  feated 
in  the  Brain. 

3  If  it  be  afked,  What  Change  is  made  in  the 
fentient  Nerve  *,  I  anfwer,  that  the  Spirits  propel 
forward  thofe  which  fie  next  adjacent  *,  and  thefe 
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again  move  the  next,  till  the  laft  but  one  moves 
the  very  laft  *,  and  therefore  the  Change  in  the 
common  Senfory  can  be  nothing  more  than  a  Re- 
pulfe  of  the  Spirits  againft  their  Origin.  This 
is  certainly  a  very  fimple  Explanation,  but  we 
know  not  of  any  other. 

§.  569.  But  this  Change  received  in  the 
common  Senfory  is  there  fo  fmall  and  fo 
fimple  C  that  nothing  can  be  more  fo,  and 
therefore  by  reafon  of  that  Simplicity  can 
hardly  be  traced  or  explained. 

1  When  the  Pulp  of  the  optic  Nerve  receives 
the  Image  of  an  Object,  the  Mind  perceives  or 
fees,  and  at  the  fame  time  diftinguifhes  the  Eyes, 
Nofe,  flair,  and  other  Parts  of  the  perceived 
Image.  But  what  is  it  that  then  happens  in  the 
Eye  ?  This  we  are  beft  able  to  learn  by  Experi¬ 
ment.  If  the  Bulb  of  the  Eye  be  taken  out  of  the 
Orbit  without  injuring  any  of  its  Parts  ;  and  if 
then  Part  of  the  Sclerotica  be  cut  off  with  a  moft 
fharp  Scalpel  from  the  Back-part  of  the  Globe,  re¬ 
moving  afterwards  the  Tunica  Choroides  and 
Ruyfchiana ,  there  then  remains  the  naked  optic 
Nerve  expanded  into  a  white  pellucid  Mucus, 
which  we  call  the  Retina.  To  this  Retina,  in- 
ftead  of  the  Choroides  and  Sclerotica  which  have 
been  removed,  let  a  piece  of  Paper  be  applied, 
whofe  Concavity  correfponds  to  the  Convexity  of 
the  Eye,  and  you  will  then  fee  the  Image  of  that 
Objebl  painted  upon  the  Paper  juft  as  it  is 
before  the  Cornea  *,  and  therefore  the  optic  Nerve 
in  the  Aid  of  Vifion  receives  the  pajnted  Image  of 
the  vifible  Objedl.  This  Image  is  a  proportiona¬ 
ble  Diminution  and  Reprefentatipn  pf  the  Rays 
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coming  from  an  Object  in  the  fame  Order  which 
they  came  to  the  Objeft.  But  then  how  fubtle  is 
the  Impreffion  of  this  Image !  The  Rays  of  the 
full  Moon  collected  and  thrown  upon  a  Paper  by 
a  Convex-glafs,  make  a  white  luminous  Spot  in 
their  Focus  which  is  intolerable  to  the  Eye,  and 
yet  does  not  the  mod  fenfible  Thermometer  de- 
monftrate  the  leaft  Degree  of  Heat  in  that  Focus 
greater  than  the  Heat  of  the  nofturnal  Air  (§.541.) 
Again,  there  is  lomething  conveyed  through  the 
optic  Nerve  to  the  Thalami  or  Chambers  from 
whence  they  arife ;  but  that  which  is  conveyed 
through  them,  is  not  the  Image  which  was  paint¬ 
ed  upon  the  Retina.  But  if  we  conceive  as  many 
fmall  Fibres  in  the  optic  Nerve,  as  there  are  mi¬ 
nute  Points  in  the  Image  of  the  Object  painted 
upon  the  Retina,  it  will  be  evident  that  nothing 
more  can  happen,  than  that  each  Fibril  mull  re¬ 
ceive  fome  Point  of  the  Image,  that  is  to  fay 
will  fuffer  fome  Change  in  its  Surface.  But  this 
Change  in  a  fingle  Point  cannot  but  be  the  molt 
fimple,  nor  can  it  produce  any  thing  more  in  the 
common  Senfory  than  the  flighted;  Change,  or  an 
infinitely  fmall  Tremor  or  Shock.  It  is  a  wed 
known  Experiment,  that  if  one  of  the  tall  Firs 
ufed  for  the  Malts  of  Ships,  growing  fometimes 
to  the  Height  of  1 3o  Feet  in  the  Mountains  of 
Helvetia,  lies  down  upon  the  Ground,  by  apply¬ 
ing  one  Ear  to  the  Extremity  of  this  W  Tree 
if  you  then  order  a  Friend  to  fcratch  very&c-ently 
with  his  Nail  at  the  other  End,  you  will  plainly 
perceive  the  Noife,  though  it  cannot  be  difcerned 
by  thole  who  Hand  nearer  to  its  Origin.  Thus 
you  fee  how  fmall  a  Motion  may  be  propagated 
to  fo  great  a  Diftance  through  fo  hard  a  Body 
which  might  well  appear  incredible  to  a  Perfon 
who  has  not  experienced  the  fame.  But  we  are 
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ftill  taught  fomething  more  furprifing  by  Huygens . 
Let  a  thoufand  polifh’d  Ivory  Balls  be  placed  in  a 
hollow  Tube  fifty  Feet  long  *,  if  now  the  firfl  of 
thefe  is  {truck  forward,  at  that  very  inftant  of  time 
the  laft  of  them  will  depart  from  the  laft  but  one, 
while  the  intermediate  ones  are  at  reft.  In  this 
Experiment  all  thefe  intermediate  Spherules  muft 
have  changed  their  fpherical  Figure  by  the  Impulfe, 
and  recovered  it  again  in  fo  fhort  an  inftant  of 
time,  except  the  laft,  which  flew  off  from  the 
reft,  as  having  no  other  to  refift  it.  Hence  there¬ 
fore  the  moft  hard  Bodies  in  a  very  fmall  Com- 
pafs  may  propagate  Motion  ad  infinitum.  For 
fince  there  is  no  Difference  in  an  Affemblage  of  a 
thoufand  Spherules,  there  will  be  likewife  no  Dif¬ 
ference  obferved  in  ten  thoufand  of  the  fame  Ivory 
Globules  extended  in  a  Line  even  a  Mile  long,  and 
alfo  in  a  Line  continued  even  from  the  Earth  to 
the  Moon  ;  but  in  a  Canal  or  Tube  which  is  fill¬ 
ed  with  an  inelaftic  Liquor,  an  Imprefiion  will  be 
propagated  from  one  End  to  the  other  almoft  in 
the  fame  manner  ;  for  being  received  at  one  End, 
it  will  be  inftantly  continued  to  the  other.  It 
matters  not  therefore,  whether  the  Matter  with 
which  the  Nerves  are  filled  be  elaftic  or  not,  or 
whether  they  be  altogether  folid  ;  fince  it  is  evi¬ 
dent  from  what  has  been  faid,  that  fuppofing  either 
of  thefe  to  be  true,  the  Senfations  may  be  eafily 
and  inftantly  propagated  to  the  Brain. 

§.  570.  In  the  mean  time  different  Ideas 
arife  from  thefe  Impreffions  according  to  the 
Variety  of  ObjeBs  the  Difference  of  the 
Nerve  2  affedted,  and  the  particular  Fabric  of 
the  fenfitive  Organ  3,  with  the  different  Part 
of  the  Medulla  of  the  Brain  4  from  whence 

the 
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the  Nerve  comes ;  as  alfo  according  to  the  va¬ 
rious  Degrees  5  of  Motion  with  which  the  Ob¬ 
jects  are  applied  to  or  aft  upon  the  fenfitive 
Organ :  according  to  all  thefe  particular  Cir- 
cumftances,  a  different  Idea  6  is  raifed  and  per¬ 
ceived  by  the  fenfible  Intellect;  and  notwith- 
ftanding  the  Idea  reprefents  nothing  7  either  of 
the  ACtion  of  the  ObjeCt,  or  Paffion  of  the 
Organ,  yet  the  fame  ACtion  of  the  fame  Ob¬ 
ject  upon  the  fame  Organ  is  always  attended 
or  followed  with  the  fame  Idea ;  fo  that  the 
Connection  of  thefe  Ideas  follows  the  Nature 
or  Difpofition  of  the  fame  fenfitive  Organ,  juft 
as  if  the  Idea  perceived  was  the  EffeCt  of  the 
Adtion  of  fome  ObjeCt  upon  the  fame  Organ. 

1  Differing  with  refpect  to  Figure,  Magnitude, 
Penfity,  Hardnefs,  Motion,  &c. 

\  Every  Nerve  feems  to  be  endowed  with  a  pe¬ 
culiar  Faculty,  by  which  it  is  enabled  to  perform 
or  exercife  the  particular  Senfe  for  which  it  is  de- 
figned.  A  red  Colour  has  nothing  like  itielf 
throughout  all  the  things  of  Nature  ;  nor  can  it 
be  perceived  any  other  way  than  by  Vifion  with 
the  Eye.  There  is  therefore  a  peculiar  Faculty  in 
the  optic  Nerve,  by  which  the  Perception  of  a  red 
or  any  other  Colour  may  be  reprefented  to  the 
Mind  :  in  the  auditory  Nerve  there  is  an  Aptitude 
to  reprefent  Sounds,  and  in  each  individual  Nerve 
there  is  a  Power  or  Difpofition  peculiar  to  itfelf. 

3  Where  the  Nerve  perceives  it  is  almoft  con- 
flantly  expanded  into  a  Pulp  ;  not  excepting  even 
the  Organ  of  Touch  and  Tafte,  as  well  as  Hear¬ 
ing  ;  but  then  the  Organ  placed  before  the  Nerve 
k  various:  fo  that  before  the  optic  Nerve  is  pla¬ 
ced 
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ccd  the  Eye,  a  dioptrical  Machine  ;  before  the  au¬ 
ditory  Nerve  is  placed  the  Ear,  a  phonergic  Or¬ 
gan  *,  the  Nerves  of  the  Tongue  rife  up  and  are 
received  into  perpendicular  eredt  Vaginae.  But  in 
other  Parts  the  Senfe  of  Touch  or  Feeling  is  per¬ 
formed  by  a  more  fimple  Meehan ifm.  Thefe 
Laws  of  Mechanifm  were  prefixed  by  the  Creator 
to  his  own  Work,  which  we  difeover  by  Obfer- 
vation  ;  and  therefore  the  Diverfity  of  Senfes  arifes 
from  the  Diverfity  of  the  Organ  placed  before  the 
fentient  Nerve. 

4  It  is  an  Opinion  of  my  own,  from  which  I 
cannot  eafily  depart,  namely,  that  there  are  diftindt 
Parts  or  Provinces  in  the  common  Senfory  for  the 
different  Senfes,  in  the  fame  manner  as  we  obferve 
a  diftindt  Organ  deftined  to  every  external  Senfe. 
Euftachius  fir  ft  plainly  demonftrated,  that  the  Ori¬ 
gin  of  the  Nerves  in  the  Brain  was  not  confufed  ; 
but  that  each  Nerve  arofe  from  its  proper  Part  of 
the  Brain,  by  Fibres  diftinfr  and  feparate  from  the 
reft  of  the  Nerves.  Hence  it  feems  probable,  that 
each  Set  of  Ideas  dwell  a*  the  Origin  of  each  par¬ 
ticular  Nerve  in  the  Brain  ;  thofe  of  Sound  about 
the  Origin  of  the  auditory  Nerves  ;  thofe  of  Light 
about  the  optic  Nerves,  &c. 

5  By  an  intenfe  Light  the  Eye  becomes  blinded 
and  painful,  inftead  of  being  rendered  capable  of 
feeing.  The  very  great,  fwift,  and  ftrong  Report 
of  a  Hand-gun,  which  has  a  long  and  ftrong  Barrel, 
almoft  breaks  the  Membranes  of  the  Ears,  the 
Report  being  much  more  dangerous  in  this  refpedt 
than  that  of  the  low  and  grave  Tone  of  the  largeft 
Cannon  ;  even  there  are  more  than  a  few  Inftances 
of  the  Membrane  of  the  Tympanum  broke  by  thefe 
Sounds.  Bodies  of  too  ftrong  a  Tafte  or  being 
too  roughly  rubbed  upon  the  Tongue,  excite  Pain 
inftead  of  Tafte  in  that  Organ  j  and  the  ftronger 
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Odours  excite  Sneezing.  A  Rofe  ftrongly  preffed 
againft  the  Nofe  does  not  fend  forth  its  pleafino- 
Odour ;  and  again,  the  Tongue  which  in  a  healthy 
State  is  capable  of  tailing,  perceives  nothing  but 
Pain  when  excoriated,  even  from  the  moll  agreea¬ 
bly  tailed  Objeds.  On  the  contrary,  the  weakeft 
Sounds  do  not  at  all  affed  the  Ear,  &V. ;  fo  that  a 
determinate  Degree  of  Motion  or  Force  in  the  fen- 
fible  Objed  is  required,  which  it  ought  not  to  ex¬ 
ceed  or  fall  Ihort  of,  in  order  to  excite  a  juft  Idea 
in  the  Mind  by  ading  upon  the  fenfitive  Organ. 

6  In  the  common  Senfory  there  is  no  other 
Change  perceived  than  that  of  a  gentle  Preffure ; 
as  when  we  hear,  the  gentle  Tremor  of  the  Mem¬ 
brane  of  the  Tympanum  goes  and  returns. 

7  When  any  Sound  is  publilhed  in  the  Air,  the 
Ears  of  every  Creature  are  affeded  thereby.  There 
is  not  any  Perlon  or  Creature  who  does  not  detell 
the  Noife  or  Report  of  a  Mufket ;  nor  is  there 
any  one  fkilled  in  Mufic  who  is  not  delighted  with 
the  harmonical  Conforts.  All  People  therefore 
perceive  almoft  the  fame  Idea  from  the  fame  Ob¬ 
ject-  But  in  fuch  a  common  Idea  there  is  nothing 
truly  belonging  either  to  the  ading  Objed  or  the 
affeded  Organ  ;  nor  do  our  Ideas  arife  from  a 
Knowledge  of  the  Figure,  Bulk,  £sV.  compared 
with  the  Figure,  Bulk,  &c.  of  the  Objed ;  though 
thefe  Changes  of  the  fenfitive  Organ  are  at  prefent 
acknowledged  by  every  one  to  be  different  from 
the  Ideas  which  they  excite,  except  Spinoza  and  the 
Epicureans.  What  Light  is,  remains  a  Myllery  to 
every  Mortal,  and  what  the  Eye  is,  but  few  are  ac¬ 
quainted  with  ;  and  yet  the  Hufbandman  fees  as 
well  as  the  Philofopher.  A  knowing  Phyfician  who 
applies  a  Particle  of  Sea  Salt  to  his  Tongue,  per¬ 
ceives  not  only  the  faline  Tafte,  but  alfo  under- 
ftands  that  the  diffolved  faline  Particles  penetrate 

through 
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through  the  Pores  of  the  membranous  Vagina, 
and  velicate  the  nervous  Papillae  of  the  Tongue  ; 
yet  he  does  not  tafte  the  Salt  in  the  lead  better 
than  the  mod  ignorant.  I  have  feen  Philofophers 
extremely  well  fkilled  in  the  Theory  or  mathema¬ 
tical  Part  of  Mufic,  who  yet  were  very  bad  Per¬ 
formers  ;  as,  on  the  other  hand,  I  have  obferved 
excellent  Performers  whofe  Heads  were  made  up 
of  nothing  more  than  mufical  Ears.  Senfe  or 
Underftanding  is  not  therefore  the  Perception  of 
the  Adions  of  Bodies  without  us.  When  we  think 
we  fee  a  red  Colour  or  recoiled  the  Idea  of  the 
fame  Colour,  we  neither  think  nor  fee  any  thing 
which  exifts  in  reality.  But  if  we  recoiled:  fuch 
an  Idea,  there  is  the  Reprefen  ration  of  coloured 
Rays  to  the  Mind  refleded  from  fome  Body,  and 
falling  upon  the  Surface  of  the  Cornea.  When, 
we  perceive  Pain  from  burning,  we  do  not  im¬ 
mediately  perceive  that  which  is  applied  to  the 
Organ  ;  for  then  any  one  would  believe,  that  the 
Nerves  fent  from  the  Brain  to  the  Hand  were  divi¬ 
ded  by  certain  folid  and  moft  minute  fmall  Bodies 
moved  with  a  great  Velocity  *,  but  then  this  is 
what  no  Perfon  can  know  but  by  much  Ufe  and 
Experience  in  the  nature  of  things,  becoming  wi- 
fer  by  various  Dilciplines  and  Reafonings.  But 
the  Idea  of  Pain  which  we  perceive,  neither  expref- 
fes  the  Burning  nor  the  Di Ablution  of  the  Nerve  ; 
for  there  is  only  one  Intelligence  given  to  the  Mind 
of  a  prefent  Evil,  agreeable  to  the  good  Will  of 
the  Creator.  Senlation  therefore  is  nothing  either 
in  the  Objed,  or  the  Nerve  affeded  ;  but  a  cer¬ 
tain  Idea  which  Go i  has  determined  or  afligned  to 
each  particular  Change  in  the  corporeal  Senfory. 
This  Dodrine  is  alfo  acknowledged  by  Sir  Ifaac 
Newton  in  the  laft  Edition  of  his  Optics,  But  we 
are  to  obferve  this  by  the  way,  that  by  a  certain 

Law 
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Law  a  determinate  Idea  is  railed  by  a  definite 
Change  in  the  corporeal  Organ  ;  fo  that  the  fame 
Action  of  the  fame  Objedt  upon  the  fame  Organ 
duly  difpofed,  always  excites  the  fame  Idea.  Su¬ 
gar  applied  to  the  Surface  of  a  healthy  Tongue 
can  raife  no  other  Idea  than  than  that  of  a  fweet 
Tafte,  and  Cloth  of  a  determinate  Dye  or  Surface 
being  expofed  to  the  Sun  will  raife  no  other  Idea 
than  that  of  Scarlet.  Notwithftanding  therefore 
we  perceive  nothing  of  the  Objedt  nor  of  the  Or¬ 
gan,  yet  the  Idea  raifed  in  the  Mind  from  the 
lame  Adtion  upon  the  fame  Organ  is  always  alike. 
You  may  perhaps  objedt  that  this  Opinion  leads  us  to 
Pyronifm  or  Scepticifm  ;  for  if  we  do  not  fee  the 
things  themfelves  nor  hear  the  Sounds  by  which 
we  are  affedted,  what  Knowledge  can  we  have 
concerning  the  Truth  of  any  thing?  But  this  Obje- 
dtion  may  be  folved  by  a  familiar  Inltance.  Suppofe 
yourfelf  to  be  boin  in  eLtier'ica^  and  never  to  have 
heard  a  Word  of  Latin if  now  you  hear  me  fpeak- 
ing  in  that  Language  you  will  certainly  perceive 
no  Ideas  from  my  Words,  notwithftanding  your 
Ears  receive  the  fame  Impreffion  with  my  own, 
nor  will  you  learn  any  thing  which  I  teach,  or  think 
the  fame  Thoughts  which  I  think,  or  which  your¬ 
felf  would  think,  if  you  had  learned  to  fpeak  La- 
* J/"  9  id*  in  this  Cale  there  is  no  Connedtion  betwixt 
our  Ideas  and  the  Wbrds.  An  European  Gentle¬ 
man  in  India  fer,t  fix  Apples  by  a  Negro  Servant 
to  his  Friend,  with  a  Letter  exprefling  the  Number 
of  them  but  the  Servant  eating  three  of  them  by 
the  way ,  delivered  only  as  many ;  the  European^ 
fond  of  the  prefent,  alked  the  Servant  why  he  did 
not  bring  the  fix  Apples  which  were  given  into  his 
Truft  ?  1  his  was  denied  by  the  Negro  ;  but  be¬ 
ing  at  length  convidted,  he  acknowledged  the 
fault,  not  without  great  Surprize,  that  a  piece  of 

white 
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white  Paper  marked  with  Black  fhould  be  able  to 
make  fuch  a  Difcovery.  The  fame  thing  happens 
with  regard  to  the  Sight ;  for  a  fkilful  Limner 
takes  a  piece  of  Vitriol,  which  by  mixing  together 
with  Galls  and  Gum  Arabick  he  forms  into  Ink, 
and  upon  a  piece  of  Paper,  which  is  fupplied  to 
the  Limner  by  another  Artift,  he  draws  two  Men 
with  this  Mixture,  who  are  duelling  together 
with  the  greateft  Contention  of  Body  and  Mind  ; 
but  one  of  thefe  fhadowed  Men  falls  down,  being 
run  through.  All  that  fee  this  Table,  if  it  is  the 
Work  of  an  Artift,  will  be  moved  with  Horror, 
and  think  of  Death,  though  at  the  fame  time  they 
fee  nothing  but  fine  Duft  difpofed  in  certain  Or¬ 
der,  all  the  reft  being  fupplied  by  the  Mind.  If  a 
Nofe  of  a  particular  Figure  is  drawn  upon  a  Wall, 
whenever  that  is  feen  by  a  Perfon,  they  will 
think  with  themfelves  whofe  Nofe  is  this.  Our 
Senfes  therefore  teach  us  an  infinite  Number  of 
Things  which  are  not  exifting  in  Nature  without 
us,  and  which  have  nothing  in  common  with  the 
Things  themfelves.  The  whole  Definition  there¬ 
fore  of  Spinoza  muft  fall  to  the  Ground,  by  which 
he  calls  Senfe  a  Motion  of  the  Mind  generated 
from  the  Motion  of  a  Body ;  the  Mind  being  a 
thinking  Part  of  the  Univerfe,  and  the  moving 
Body  an  extended  Part  of  the  Univerfe.  All  our 
Senfations  therefore  are  owing  to  that  Difpofition 
of  the  Mind  which  was  given  to  it  by  the  Creator, 
who  has  fo  ordered  it,  as  not  to  be  capable  of  fee¬ 
ing  the  Objedt  which  the  Eye  fees,  and  yet  that 
it  fhould  form  the  fame  Judgment  as  it  would  if 
it  had  received  or  collected  the  luminous  Ravs 
themfelves.  But  yet  our  Senfes  do  not  deceive  us, 
for  in  reality  the  Rays  are  refledted  and  painted  in 
a  certain  Order  upon  the  Retina.  But  all  our 
Errors  arife  from  the  Haftinefs  of  our  Judgment, 


§‘  57r#  Of  thz  internal  Senfes .  241 

by  which  we  conclude,  for  Inftance,  that  a  red 
Colour  is  in  the  Body  itfelf,  becaufe  it  feems  to  us 
to  be  fo.  It  may  be  then  aiked,  What  is  Senfa- 
tion  ?  In  fhort,  we  know  not.  We  only  know 
this,  that  in  our  Body  there  are  certain  Organs 
adapted  to  receive  certain  Motions ;  and  that  thefe 
Organs  being  continued  into  the  Brain,  the  Mind 
there  perceives  and  judges  of  the  Objeds,  as  if  it 
perceived  them  immediately  itfelf.  But  to  explain 
the  Connedion  of  all  thefe  corporeal  Adions  with 
the  Mind  itfelf  is  not  within  the  Power  of  Man, 
and  much  lefs  is  it  our  Bufinefs  in  this  place* 

§.571.  The  Diverfity  therefore  of  our  Ideas 
does  hot  leem  to  depend  only  upon  the  vari¬ 
ous  Manner  in  which  the  Extremity  of  each 
Nerve  is  difpojed 1  in  its  proper  Organ,  but 
upon  a  great  many  other  Things,  not  as  Cau- 
fes,  but  Conditions  affigned  by  the  moft  wife 
Creator. 

1  1  had  formerly  many  Difputes  with  my  Friend 
Raw  upon  this  Subjed  ;  for  he  was  of  Opinion, 
that  every  Nerve  expanded  like  the  Retina  in  the 
bottom  of  the  Eye  would  be  capable  of  feeing,  fo 
that  if  the  auditory  Nerve  was  inferted  in  the  Eye, 
it  would  difcern  Objeds  by  Sight ;  and,  on  the 
other  hand,  that  if  the  optic  Nerve  was  inferted 
into  the  Ear,  and  expanded  within  the  Veftibulum 
under  the  Membrane  of  the  Feneflra  ovalis,  it 
would  be  capable  of  hearing.  Even  he  goes  fur¬ 
ther,  and  thinks  that  the  pulmonary  Nerve  would 
be  capable  of  fmelling,  if  Nature  had  framed  it 
in  the  fame  manner  with  the  olfadory  Nerve. 
But  it  does  not  feem  barely  fufficient  for  the  Tre^ 
mors  of  Objeds  to  be  communicated  to  the  Nerves, 
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but  an  infinite  Number  of  other  Circumftances 
niuft  rieceffarily  concur,  in  order  for  the  diftindl 
and  refpedtive  Ideas  to  be  raifed  from  Objects  in 
the  Mind. 

§.  572.  Ideas  thus  perceived  in  the  Mind 1 
generally  excite  by  their  Impreffions  either 
joy  or  Sadnefs,  or  neither  of  them;  fo  that 
their  Impreffions  caufe  either  an  Indifference, 
a  Love  or  a  Hatred  towards  the  Objedt  by  the 
Aftion  of  which  the  Idea  2  was  excited. 

1  Namely,  the  Perception  or  Underftanding. 
This  is  the  fimple  Knowledge  of  things  without 
relation  or  regard  to  any  other  thing,  as,  for  In- 
flance,  a  Circle  which  the  Geometrician  thinks 
upon.  But  generally  this  Idea  or  Reprefentation 
of  the  Objedl  excites  fomething  more  than  the  bare 
Reprefentation,  which  is  not  a  fimple  Idea  or  Per¬ 
ception,  but  a  Determination  of  the  Will  with  re- 
fpedt  to  the  Idea.  When  the  Will  is  defirous  of 
retaining  the  Idea,  the  Objedt  is  then  laid  to  give 
Pleafure  or  Joy,  there  being  a  perfedt  Confent  or 
Harmony  in  the  Senfation.  If  we  trace  this  plea- 
fing  Idea  to  its  Caufe,  we  are  obliged  to  love  the 
Qbjedt  whether  we  will  or  no  ;  for  we  wifh  that 
the  Thing  might  remain  united  to  us,  nor  do  we 
chufe  to  think  rather  upon  fomething  elfe  ;  and 
this  we  call  Love  :  thus  Mars  fees  and  covets  the 
Objedt  feen.  But  when,  on  the  contrary,  the 
Mind  is  difpleafed  with  retaining  the  Idea,  there 
follows  a  Senfe  of  Sorrow  or  Pain,  and  then  it 
is  impoffible  to  think  with  Pleafure  upon  the  dif- 
pleafing  Objedt  in  our  Minds,  and  therefore  we  de¬ 
fire  to  remove  the  forrowful  Qbjedt  or  Caufe  from 
its  Exiftence  in  Nature  and  in  our  own  Minds, 
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that  we  may  not  think  upon  the  fame  ;  and  this  is 
called  Hatred.  When  I  delire  an  Enemy  to  be 
removed,  I  only  requeft  it  that  I  may  not  think 
of  the  Perfon,  which  if  I  obtain  I  lhall  be  quiet 
and  compofed  ;  for  merely  from  the  Idea  of  thac 
Man,  a  Senfe  of  Deftrudion  as  it  were  rifes  in 
my  Mind,  which  I  am  obliged  to  deteft,  From 
thefe  two  Affe<5tions  or  Inclinations  of  the  Mind 
all  others  are  derived.  The  Love  of  a  prefenc 
Objeft  is  joy,  and  of  a  pall  Object  a  plealing  Re- 
colledion  •,  and  the  Love  of  a  future  Objed  is  De- 
fire,  which  we  call  Hope,  when  there  feems  to  be 
a  Poffibility  of  obtaining  the  Thing' defired.  A 
prefent  Evil  excites  Sorrow  and  Hatred,  one  that 
is  pall;  excites  a  Recollection  of  Anger,  and  a  fu¬ 
ture  Evil  excites  Fear.  The  other  Affedions  of 
the  Mind  are  rather  Degrees  of  Love,  accordin'1' 
as  the  Objed  is  either  prefent,  paft,  or  future  T 
elfe  Degrees  of  Hatred  with  refped  to  lome- 
thing  paft,  prefent,  or  to  come.  All  thefe  Af- 
fedions  of  the  Mind  which  move  us  with  io  much 
Vehemence,  are  called  by  the  general  Name  of 
Pallions  of  the  Mind ;  namely,  that  fenlitive  or 
thinking  Being,  whofe  Compliance  we  fo  often 
pray  for  with  Tears,  and  which  difturb  the  Will 
or  Judgment,  namely,  that  Part  of  the  Mind 
which  ought  to  dired  it  to  the  Objed.  But  nei¬ 
ther  are  Paffions  of  the  Mind  the  Refuk  of  Rea- 
fon,  nor  are  they  fubjed  to  Reafon. 

Non  amo  te  Volufi ,  non  pojjum  dicere ,  qtmre  ; 

Hoc ,  unum  pojfum  dicere,  nec  amo  te , 

Et  alius  Po.eta  : 

'  Video  meliora  proboque, 

Veterwra  jequor.  — — ■  - — _ 

Ovi  pc-in  Met.  VII.: 
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But  even  one  who  underflood  thefe  Matters  bet¬ 
ter  than  Socrates  or  Epifietus  has  pronounced,  if 
you  fee  a  Woman  and  luft  after  her,  it  is  the  fame 
thing  as  if  you  had  committed  Adultery  with  her, 
Matth.  v.  28. 

a  Such  an  Indifferency  is  there  in  the  Mind, 
when  it  perceives  the  Idea  of  a  Circle,  of  a  right 
Line,  of  the  Air,  &c.  The  Senfes,  both  external 
and  internal,  are  Changes  of  the  Thoughts  in  the 
Mind.  For  Inftance  :  I  fee  a  red  Colour,  and  I  can 
think  that  I  fee  fuch  a  Colour  prefent  when  it  is  not. 
The  internal  Senfes  differ  from  the  external,  not  in 
Thought  or  Ideas,  which  is  common  to  them  all, 
nor  in  the  Change  of  the  common  Senfory,  but 
in  the  Abfence  of  external  Objects  ;  that  is  to  fay, 
when  the  fame  Changes  of  Thoughts  or  Ideas 
arife,  as  if  they  came  from  external  Objedls  chang¬ 
ing  the  fenfitive  Organs,  though  at  the  fame  time 
there  is  no  fuch  external  Caufe  prefent  to  move  the 
fenfitive  Organs.  For  Inftance :  I  fee  a  Negro, 
and  I  imagine  ftrongly  that  I  fee  the  fame  Negro ; 
in  this  Cafe  the  Idea  of  the  recolledled  and  prefent 
Object  are  not  at  all  different.  In  this  indeed 
they  differ,  that  the  Senfe  is  external  when  the 
Negro  Hands  prefent  before  me,  but  internal  when 
I  reprefent  the  fame  Idea  of  the  Negro  to  my 
Mind  by  Thought.  Does  it  not  therefore  follow, 
that  both  thefe  Senfations  are  produced  in  the 
Mind  with  this  Difference,  that  the  one  proceeds 
from  an  external  Caufe,  and  the  other  from  an  in¬ 
ternal  Caufe  or  Change  made  in  the  Senfory  itfelf. 

But  why  has  every  Age  of  Man  his  particular 
Inclinations  ?  This  will  appear  from  reading  the 
Lives  of  thofe  who  have  freely  followed  the  Incli¬ 
nation  of  Nature  without  any  Reftraint,  as  Kings, 
&c.  for  fuch  are  in  the  Time  of  their  Youth  full 
of  Amours,  Liberality  and  Benevolence ;  but  as 

Age 
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Age  advances  they  become  Warriors,  and  affe&  a 
great  Name  5  and  when  Age  declines  they  become 
covetous,  and  with  Avarice  they  are  likewife  cruel. 
So  little  Influence  has  Reafon  upon  the  Pafiions, 
except  in  thofe  few  which  alone  deferve  to  be 
termed  happy. 

§.  573.  But  we  are  fo  framed,  that  thfe 
Condition  of  the  Mind  either  of  Love  or  Ha¬ 
tred  is  apt  to  excite  fuch  mufcular  Motions  1  in 
the  Body,  as  may  unite  the  Objedt  of  Joy  ei¬ 
ther  to  the  Body  or  to  the  Mind ;  or  by  the 
Efficacy  of  which  Motions  the  Idea  may  be  fo 
removed,  that  the  Sorrow  or  Grief  which  ac¬ 
companies  its  Prefence  fhall  quite  difappear. 

*  All  the  Mufcles  are  moveable  at  one  and  the 
fame  time.  In  fevere  Anger  we  fuddenly  grow 
hot,  and  immediately  deliver  what  we  think  with 
Vehemence  by  the  Tongue,  which  is  by  Euripides 
called  the  Servant  of  Anger.  Thus  Achilles  being 
anger’d  at  Agamemnon ,  firfh  expreffes  by  his  Tongue 
the  Uneafinefs,  and  then  threatens  by  Gefture, 
when  he  {hatches  up  his  Weapons  with  his  Hand. 
Nor  is  there  any  Delay,  but  the  whole  Body  is 
agitated  with  fwift  and  convulfive  Motions ;  all 
which  tend  to  the  Deftrudlion  of  the  difpleafing 
Object.  For  the  whole  Body  is  fo  difpofed,  that 
all  the  Mufcles  fuddenly  operate  at  the  ftrong  Idea 
of  a  pleafing  or  difpleafing  Object  which  affects  the 
Senfes ;  by  which  the  former  is  endeavoured  to  be 
retained,  and  the  latter  to  be  removed,  as  being 
the  Caufe  of  Anger.  If  a  Father  fees  his  Son 
tumble  into  the  Water,  with  what  a  Violence  are 
all  his  Mufcles  fhook  without  Defign,  in  order  to 
deliver  his  behoved  Child  from  the  Fate  of  the 
WA  •  •  &3  Water. 


246  Of  the  internal  Senfes.  §.  574. 

Water.  If  the  Finger  is  burnt,  at  that  Inftant  all 
the  Mufcles  in  the  Body  are  convuifed  to  withdraw 
it  from  the  Fire.  But  how  come  the  Mufcles  to 
be  made  thus  acquainted  with  the  Danger?  No 
one  will  pretend  to  explain  this. 

§.  574.  But  fince  thefe  mufcular  Motions  * 
gre  excited  by  means  of  the  Spirits  or  Juice  of 
the  Nerves,  propelled  from  the  Brain  into  the 
Mufcles ;  it  is  therefore  evident  that  the  Spirits 
have  a  free  Courfe  from  their  Origin  in  the 
Brain,  from  every  Point  thereof,  even  to  the 
Mufcles  which  are  under  the  Influence  of  the 
Will :  Hence  it  follows,  that  the  common 
Eenfory  2  is  a  Part  of  the  Brain,  where  all  thefe 
Points  are  collected  together  5  and  that  there¬ 
fore  it  appears  to  be  in  the  Medulla  of  the 
Brain  in  the  Head. 

T  In  all  Paflions  of  the  Mind  there  is,  x.  A 
Reprefentation  of  the  thing  placed  without  us. 

2.  A  concomitant  Idea  reprefenting  the  thing  per¬ 
ceived,  and  exciting  the  Inclination  or  Will. 

3,  A  Motion  in  the  Mufcles  tending  to  retain  the 
Good,  or  remove  the  Evil  which  is  perceived* 
Hence  therefore  the  Seat  of  the  Paflions  of  the 
Mind  is  where  the  external  Object  firfl:  impreffes 
its  Idea  ;  and  therefore  the  Seat  of  thefe  Paflions 
and  of  the  fentient  Mind  muft  be  in  the  common 
Senfory.  Hence  all  Paflions  of  the  Mind  are  fupi 
prefled  in  a  profound  Sleep  which  is  free  from 
Dreams  i  and  in  an  Apoplexy  all  the  Ideas  of 
Joy  or  Sorrow  are  obliterated. 

a  The  Senforium  is  that  Part  of  the  Body  where 
the  ultimate  Actions  of  all  the  Nerves  terminate, 
ariflng  by  the  leveral  fenfitive  Organs  from  Bodies 

placed 
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placed  without  us ;  and  in  which  Part  the  Percepti¬ 
on  of  thefe  A&ionsis  perform’d,  fo  as  to  determine  the 
Will  either  to  Love  or  Hatred  ;  and  from  whence 
at  length  the  Influence  of  tho  Will  firft  begins,  ac¬ 
cording  to  its  Determination  by  the  fentient  Nerves 
to  operate  upon  certain  Mulcles,  by  which  the 
pleafmg  or  difpleafing  Objedl  is  either  retained  or 
removed.  In  this  Part  therefore  the  Senfations  of 
all  the  Nerves  terminate ;  and  here  alfo  arifes  that 
Power  from  whence  Love  and  Hatred  operate  up¬ 
on  the  whole  Machine,  and  upon  all  the  Mufcles 
which  are  fubjedl  to  the  Influence  of  the  Will. 
This  common  Senfory  feems  to  be  feated  where 
the  ultimate  lymphatic  Arteries  in  the  Cortex  of 
the  Brain  firlT  unite  themfelves  to,  and  fill  the 
Beginning  of  the  Nerves  with  Spirits  throughout 
all  the  Ventricles  and  Inequalities  of  the  Brain,  &V. 
Something  of  the  like  kind  feems  alfo  to  have  been 
intended  by  Vieujfens ,  which  he  calls  by  the  Name 
of  Centrum  ovale.  But  the  Territories  or  Limits 
of  this  common  Senfory  feem  to  be  very  large  and 
various,  fo  that  each  Nerve  has  its  particular  Part 
in  the  Brain  where  thofe  Ideas  dwell  which  were 
conveyed  by  the  fame  ;  the  Ideas  of  Odours  about 
the  Termination  of  the  olfa&ory  Nerves,  of  Co¬ 
lours  about  the  ending  of  the  optic  Nerves,  and 
of  Motion  about  the  Nerves  fubfervient  to  the  vo¬ 
luntary  Mufcles,  &c.  In  this  Part  it  is  that  the 
great  Commerce  betwixt  the  Body  and  the  Mind 
feems  to  be  placed  ;  as  we  are  like  wife  taught  by 
Experiments.  For  if  a  fmall  Artery  be  burft  in 
the  Ventricles  of  the  Brain  in  a  healthy  Perfon, 
in  the  fame  manner  as  a  fmall  Artery  of  the  Nofe 
we  fee  burft  many  hundred  times,  in  that  cafe  fome 
Blood  being  extravafated  into  the  Cavity  of  the 
Ventricles  will  prefs  upon  the  arched  Origin  of  the 
Medulla,  whence  an  Apoplexy  follows  (§.  384.), 
b  R  4  tliC 
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the  fimple  and  primitive  Ideas  of  things  are  abo- 
lilhed,  and  the  concomitant  Affections  of  the 
Mind  which  accompany  thofe  Ideas  are  alfo  fup- 
preffed,  together  with  the  Motion  of  the  Mufcles. 
This  Seat  of  the  Mind  therefore  is  not  in  the  pi¬ 
neal  Gland,  as  Cartefius  would  have  it ;  for  who 
can  believe  that  fo  many  thoufand  Nerves  all  de¬ 
ft  ined  to  different  Senfations  and  Motions  can  take 
their  Origin  from  fo  fmall  a  Particle  ?  Nor  yet  is 
the  Seat  of  the  Mind  in  the  fpinal  Medulla  or  in 
the  Cerebellum  (§.  600.),  but  only  in  the  arched 
Medulla  which  encompaffes  the  Cavity  of  the  Ven¬ 
tricles  in  the  Brain,  as  Galen  in  fome  meafure  right¬ 
ly  imagined,  only  he  erred  in  believing  that  the 
Cavities  of  the  Ventricles  were  filled  with  animal 
Spirits,  which  we  demonftrate  to  be  perpetually 
moved  in  clofe  Veffels.  And  therefore  our  Hu¬ 
manity  or  Intellects  depend  upon  the  healthy  Dif- 
pofition  of  this  Part  of  the  Brain. 

§.  575.  The  more  diftinffi  1  the  Action  of 
the  Object  is  upon  the  common  Senfory,  the 
more  diftinct  and  clear  will  be  the  idea  there¬ 
by  produced. 

1  By  diftinct,  we  underftand  here  when  one  fim¬ 
ple  Object  acts  at  one  time  upon  the  whole  com¬ 
mon  Senfory  without  being  difturbed  by  any  other 
Object  at  the  fame  time  ;  for  by  that  means  a  fim¬ 
ple  Thought  is  produced,  and  there  is  but  one  Per¬ 
ception.  For  Example:  Suppofe  a  Triangle  of  a 
red  Colour  which  alone  I  fee  illuminated  in  a  dark 
Place ;  for  then  that  will  be  reprefented  moft  di- 
ftinctly  in  all  its  Parts  to  the  Mind.  When  I 
furvey  any  minute  Object  very  accurately  with  a 
Microfcope,  the  chief  Art  confifts  in  placing  the 
-Pbje^l  on  a  Piece  of  very  black  Wood,  that  fo  the 
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Eye  may  fee  nothing  more  than  the  Objed  itfelft 
A  Geometrician  who  is  intent  upon  fome  difficult 
Problem  thinks  upon  nothing  but  upon  the  Idea 
of  his  Problem,  which  that  it  may  not  prove  too 
difficult  or  difturb  his  Mind  by  its  Complexity, 
he  divides  into  feparate  Parts,  and  confiders  each 
of  them  alone.  Hence  thofe  who  dedicate  them* 
felves  to  one  Study,  are  ufually  but  half-witted  in 
the  reft.  No  one  is  better  qualified  than  a  melan¬ 
choly  Perfon  for  compleating  any  particular  Hi- 
ftory  ;  for  fuch  a  one  is  from  a  natural  Difpofition 
inclined  to  adhere  firmly  to  one  Subjed.  Even 
Fools  themfelves  can  perceive  one  thing  or  Objed 
as  well  as  thofe  who  are  in  their  right  Mind  ;  but 
when  Ideas  are  to  be  continued  in  a  Chain  they 
fall  into  Error. 

§.  576.  The  more  vivid 1  the  Adion  of  the 
Objed:  upon  the  common  Senfory,  the  more 
clear  is  the  Idea  thence  excited. 

*  This  is  the  fecond  Law  of  Perception.  Such 
a  Triangle  as  before-mentioned  will  be  difficultly 
feen  in  the  Dufk  of  the  Evening,  but  it  will  be 
perceived  more  diflinctiy  if  the  Light  is  a  little  in- 
creafed,  but  belt  of  all  when  illuminated  by  the  Noon 
Sun.  A  Perfon  dwelling  in  the  Country  and  hearing 
a  Rumour  at  a  great  Diftance,  perceives  nothing  di- 
flind  enough,  but  by  attending  and  ftretching  his 
auditory  Organs  to  an  harmonical  Tenfion,  the 
Sound  becomes  by  degrees  more  vivid,  and  he  hears 
diftindly.  Hence  in  the  microfcopical  Obfervation 
of  a  very  minute  Objed  which  is  to  be  diftindly 
examined,  it  ought  to  be  illuminated  with  a  ftrong 
Point  of  Light,  while  every  thing  which  furrounds 
it  is  perfedly  obfcure.  This  is  one  of  the  greateft 
Secrets  in  thefe  kinds  of  Experiments  fufficiently 
known  to  but  a  few.  §.  577, 
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§•  577*  The  °ftener  Adion  of  an  Ob¬ 
ject  renewed 1  upon  the  common  Senfory,  the 
more  clear  is  the  Idea. 

r  This  is  the  third  Law  of  Perception.  Children 
are  ufed  to  get  their  Talk  not  by  thinking  only, 
but  by  repeating  the  fame  Word  many  times  to¬ 
gether  with  a  loud  Voice,  that  from  thence  may 
arife  an  Idea  almoft  indelible  ;  by  which  means 
they  are  able  to  read  that  without  Book  which  they 
read  ten  times  within  it,  which  is  certainly  a  very 
bad  Method  of  learning. 

§.  578.  Alfo  the  more  remote  the  Adion 
of  the  Objed  is  from  all  others  upon  the  com¬ 
mon  Senfory  and  the  more  unufual  the  more 
vivid  is  the  Idea  thence  expreffed. 

1  This  is  a  fourth  Law,  which  any  one  may  ex¬ 
perience  the  Truth  of  by  Experiment for  if  you 
endeavour  to  recoiled  what  happened  in  the  molt 
early  Days  of  your  Youth,  regiftering  them  down 
upon  a  Piece  of  Paper,  you  will  find  that  they  are 
Ideas  very  diftind  from  all  others,  unufual,  and 
generally  terrible.  The  Idea  of  an  evil  Spirit  with 
Horns  vomiting  Flame  propofed  by  a  Nurfe  to  a 
petulant  Child,  a  black  Dog,  a  Negro,  or  the 
like.  We  experience,  that  the  Ideas  of  every 
Day  are  effaced  by  thofe  of  the  next  of  the  fame 
kind.  Spinoza  was  a  melancholy  Man,  and  there¬ 
fore  he  died  of  a  pulmonary  Confumption,  but 
was  not  in  the  leafl  given  to  Superflition :  but  he 
confefies,  that  when  he  faw  fome  of  the  Inhabitants 
of  Brazil  feven  Feet  high  with  yellow  Hair,  fuch 
as  is  wore  by  that  Nation  to  a  great  Length ;  it. 
m^de  fo  ftrong  an  Impreffion,  that  he  had  always- 
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the  fame  Ideas  in  his  Dreams,  and  could  fcarce 
efface  the  fame  in  the  Day-time  by  the  mo  ft  ftre- 
nuous  Meditation  upon  other  Subjects.  An  Indian 
Man  who  fees  an  European  Perfon  for  the  firft 
time,  every  way  like  himfelf  but  of  a  different 
Colour,  fuch  as  he  had  never  feen  in  Man  before, 
neither  will  that  European  ever  be  forgot  nor  the 
Place  in  which  he  faw  him  as  long  as  he  lives  \ 
fo  ftrong  and  firm  is  the  Imprefiion  of  Objefts, 
whofe  Ideas  are  very  different  from  others. 

§.  579.  If  therefore  the  Condition  imprefied 
upon  the  common  Senfory  remains  fixed  there 
fo  firmly*  1  that  it  cannot  be  changed  by  the 
fupervening  Adion  of  other  Objeds,  the  pre¬ 
lent  Idea  will  then  remain  an  infeparable 
Companion  of  that  Condition  in  the  common 
Senfory. 

*  This  is  made  in  the  common  Senfory.  That 
phyfical  Caufe  which  makes  the  IVIind  perceive 
iiich  an  Idea  without  thinking  upon  any  other,  is 
fo  final  1  an  Entity  that  fcarce  any  thing  can  be 
conceived  to  be  lefs.  Of  thefe  fame  Beings  if  one' 
exceeds  the  reft  but  a  imall  degree  in  Strength, 
then  the  laft  only  remains  prefent  in  the  Mind* 
while  the  reft  vanifh,  which  we  call  Contempla¬ 
tion  ;  namely,  when  we  think  fome  time  atten¬ 
tively  upon  the  Idea  perceived,  which  is  the  way 
to  retain  the  prefent  Idea ;  for  in  proportion  as 
that  Imprefiion  exceeds  in  the  common  Senfory, 
fo  much  the  longer  will  that  Idea  remain  prefent 
in  the  Mind,  This  I  have  experienced  by  recei¬ 
ving  the  hocus  of  a  Burning- glafs  into  my  Eye  \ 
for  by  that  means  the  Image  of  the  Sun  has  been 
prefent  in  my  Mind  for  feveral  Hours.  From 
£his  Qbfervation  Phyficians  may  explain  all  Dis¬ 
orders 


25  2  Of  the  internal  Senfes.  §.  579. 

orders  of  the  Imagination.  For  thefe  Imaginations 
arife  when  any  imprefled  Idea  is  ftrongly  retained 
and  excited  by  fome  internal  Caufe,  as  may  be 
eafily  proved  by  Experiment ;  for  if  in  a  dark 
Place  you  turn  the  right  Eye  as  much  as  poflible 
towards  the  left  Side,  and  then  gently  touch  the 
fame  Eye  with  the  End  of  the  Finger,  you  will 
then  perceive  the  Idea  of  a  confiderable  Light  or 
great  Flame.  But  in  this  nothing  more  was  done 
than  changing  the  Situation  of  the  Retina  by  trans¬ 
mitting  a  Small  Concuflion  by  which  there  arofe  a 
clear  Reprefentation  of  a  Flame.  The  fame  thing 
is  experienced,  but  with  more  Inconvenience,  when 
the  Fift  is  (truck  againft  the  Eye,  by  which  means 
Sparks  of  Light  feem  to  fly  out  Suddenly  from  that 
Organ.  But  we  are  allured  even  to  mathematical 
Certainty,  that  in  fo  dark  a  Place  there  was  no 
Light,  and  yet  it  will  be  almoft  impoffible  to  per- 
fuade  yourfelf  from  believing  that  you  did  not  fee 
Light.  Certain  it  is  that  there  was  no  Caufe  of 
tfie  Light  feen  exifting  without  the  Eye,  and  yet 
the  internal  Senfe  is  as  vivid  as  if  the  Light  itfelf 
Rood  before  the  Eye.  If  again,  Such  a  Caufe 
Should  produce  a  like  Motion  not  ig  the  Eye  but 
in  the  Brain  itfelf  near  the  common  Senfory,  where 
the  optic  Nerve  takes  its  firft  Origin :  I  fay,  if 
fuch  a  Motion  be  there  communicated  by  the  Vi¬ 
bration  of  an  Artery  too  much  diftended,  there 
will  be  the  fame  Idea  of  Light  perceived  as  before 
by  preffing  upon  the  Retina,  even  though  there  is 
no  Light  exifting  without  before  the  Eye.  When 
any  one  of  the  Small  Arteries  Spread  upon  the  Ca¬ 
vity  of  the  Tympanum  has  too  llrong  a  Pulfation, 
it  excites  a  Noife  hardly  diftinguifhable  from  that 
which  remains  Sometimes  in  our  Ears  after  the  Ex- 
plofion  of  fome  very  large  Cannon.  I  know  at 
that  time  that  there  is  no  Cannon  exploded,  yet  J 

cannot 
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cannot  avoid  hearing  as  it  were  the  fame  Noife. 
A  black  Dog  is  with  refped  to  my  Eye  nothing 
more  than  a  certain  invifible  Space  circumfcribed 
by  a  Line  of  a  particular  Figure,  affeding  the  op¬ 
tic  Nerve  in  a  particular  manner ;  now  when  this 
black  Dog  ftands  before  me,  the  Caufe  of  that 
Idea  is  without;  but  when  the  fame  Caufe  ads 
within,  I  have  neverthelefs  the  fame  Idea  as  in  the 
former  Cafe :  nor  will  the  Idea  arifing  from  with¬ 
out  differ  from  that  arifing  from  a  Change  in  the 
Senfory  within  ;  and  if  fuch  an  Idea  fliould  be 
ftrongly  rooted  in  the  Senfory,  it  may  remain  a 
long  time,  and  will  not  be  eafily  effaced  by  the 
Impreffions  of  new  Ideas. 


§.  580.  Or  at  lead  the  fame  Idea  returns, 
either  in  Obedience  or  contrary  to  the  Will, 
by  means  of  fome  fimilar  1  Caufe  or  fimilar 
Idea ;  which  returned  Idea  being  accompanied 
with  a  Confcioufnefs  2  of  the  like  thing  formerly 
perceived  is  called  Memory. 


1  When  two  things  exifling  together  in  myfelf 
have  impreffed  the  Caufe  of  fome  Idea  by  opera- 
ting  together  and  conjundly,  ever  after  one  will 
revive  the  Idea  of  the  other,  or  by  recolleding 
the  one  the  other  will  alfo  recur  to  mind.  If  a. 
Child  is  fent  for  the  firft  time  to  School,  and  is  fe- 
verely  punifhed  with  the  Ferula  by  the  Mailer, 
and  is  afterwards  educated  by  the  indulgent  Parents 
out  of  all  Danger  of  Stripes,  he  will  certainly  ne¬ 
ver  pafs  by  the  School  even  when  he  is  an  old 
Man  without  recolleding  the  Idea  of  the  Sripes 
which  he  there  received.  If  Robbers  attack  a 
Traveller  in  a  Wood  near  an  old  Oak,  and  put 

him 
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him  in  Danger  of  his  Life,  if  he  fhould  fee  the 
fame  Tree  fifty  Years  afterwards,  it  will  excite  in 
his  Mind  the  whole  Hiftory,  and  renew  the  whole 
Chain  of  Ideas  which  then  palled  ;  even  fo  as  to 
make  him  tremble,  though  there  is  not  at  that  time 
any  juft  Caufe  for  Fear.  If  one  is  at  a  lofs  for 
fome  Verfe  formerly  learnt,  for  Inftance,  in  Virgil ; 
if  a  Friend  reads  the  preceding  Yerfe,  you  will 
fay  that  is  not  it  which  you  want ;  but  upon  re¬ 
peating  the  firft  Word  of  the  next,  all  the  reft  of 
the  Verfe  naturally  follows  in  your  Mind.  I  know 
a  Perfon  who  had  all  the  Iliads  of  Homer  by  Me¬ 
mory,  fo  that  if  any  one  of  his  Companions  re¬ 
peated  a  Verfe,  he  could  add  the  following  Verfes 
in  the  fame  Order  as  they  were  to  be  found  in  that 
Author,  without  the  leaft  Reafoning  or  Hefitation. 
He  had  formerly  received  the  Imprefiions  of  thofe 
Verfes  in  their  determinate  Order,  fo  that  now 
when  one  of  their  Ideas  is  excited  it  continually 
recalls  another,  and  that  the  next  which  followed 
in  Succeffion  at  the  firft  Impreftion.  If  therefore 
two  ftrong  Ideas  are  imprefted  at  one  time,  one 
will  never  be  recolleCted  without  drawing  in  the 
other  ;  and  this  is  altogether  a  furprifing  Law 
which  the  Creator  has  prefixed  to  the  human 
Mind.  . 

a  Without  Confcientioufnefs  it  is  not  properly 
Memory,  but  only  a  fimple  Recollection  like  that 
of  Fools  ;  and  in  general,  Men  who  are  of  the 
moft  happy  Memory  are  the  leaft  apt  to  take  in 
new  Counfels  or  DcCtrines. 

§.  581.  But  all  this  refults  only  from  that 
fimple  Condition  of  the  common  Senfory, 
which  is  in  effeCt  nothing  more  than  a  me¬ 
chanical  1  Difpofition  or  Change. 


All 


§.581.  Of  the  internal  Senfis .  255 

*  All  this  depends  upon  the  eafy  Return  or  Re¬ 
collection,  by  which  the  Mind  becomes  conlcious 
that  it  had  formerly  fuch  Ideas  prefent  5  and  this 
is  Memory,  which  the  Ancients  called  Minerva , 
or  the  Mother  of  Minerva.  Take  away  Memory 
from  a  Perfon,  and  he  becomes  a  mere  thinking 
Machine.  If  our  Humanity  was  placed  altogether 
in  thinking,  as  Cartefius  fuppofes,  we  fhould  be 
a  metaphylical  Point  or  Atom  fpontaneoufly  pro¬ 
duced,  at  prefent  thinking  and  afterwards  ceafing 
to  think,  without  a  Continuation  of  Thoughts.' 
But  to  our  Humanity  or  Intellect  belongs  not  only 
Thought,  but  alfo  the  Remembrance  of  thofe 
Thoughts,  which  we  call  Memory.  The  Mind 
would  not  underftand  that  it  exifted  the  preceding 
Moment  without  this  Faculty,  nor  would  it  know 
any  thing  but  what  exifled  at  the  prefent  moment 
of  time  ;  but  as  that  moment  is  continually  vanilh- 
mg,  the  Mind  would  thus  know  nothing.  But  fxnce 
we  are  thus  endowed  with  Memory,  we  are  capa- 
pable  of  retaining  and  knowing  thofe  things  which 
happened  a  thoufand  Years  before ;  for  an  Aftro- 
nomer  knows  that  an  Eclipfe  of  the  Sun  will  fol¬ 
low  ten  Ages  hereafter,  with  as  much  Evidence 
and  will  determine  the  fame  with  as  much  Certainty 
as  we  can  be  allured  of  an  Eclipfe  that  raffed  ten 
Ages  before  recorded  in  the  Almanacks,  or  which 
will  be  feen  in  the  Heavens  ten  Ages  hence  by 

r  ’  n0r  wou^  there  be  fo  much  as  one  Art 

iubiilting  among  us  if  the  Memory  was  deftroyed. 
In  order  to  explain  this  further,  we  are  to  obferve 
that  Cogitation  and  Memory  are  diftinCl,  the  for¬ 
mer  belonging  to  the  Mind,  and  the  latter  depend- 

!ugu°n  ^he  ?octy*  They  who  are  furnifhed  with 
the  befi:  Faculty  of  thinking,  publifh  their  Thoughts 

without  any  Ufe  or  Advantage  if  they  are  deftitute 
of  Memory.  We  read  of  a  certain  $ 'panifh  Tragi¬ 
cal 
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cal  Poet  who  had  wrote  fome  excellent  Plays,  in 
which  he  had  pleafed  himfelf  as  the  Poets  ufually 
do  *,  but  the  fame  Poet  being  afflided  with  an  acute 
Difeafe  loft:  all  his  Memory,  infomuch  that  he 
could  not  remember  his  Alphabet *,  fo  that  when 
he  began  to  recover,  he  was  obliged  to  learn  his 
.Letters,  grammatical  Rudiments,  and  Elements  of 
things  over  again  which  is  alfo  reported  of  an  old 
Grammarian  at  Athens ,  that  he  might  by  degrees 
recover  any  Part  of  his  Learning  which  he  had 
loft.  When  this  Poet  was  well,  they  gave  him 
his  own  Verfes  which  he  had  compofed  before  his 
Illnefs ;  but  he  could  by  no  Argument  be  perfua- 
ded  that  this  unknown  Work  which  he  fo  highly 
praifed  was  performed  by  himfelf.  At  length  his 
Senfes  being  reftored  to  their  former  Integrity,  he 
compofed  new  Verfes,  and  was  with  fome  Difficulty 
brought  to  believe,  from  the  Analogy  and  Genius 
of  the  old  and  the  new  Drama,  that  the  former 
was  alfo  his  own  Performance.  This  Man  had 
certainly  a  worfe  Memory  than  Pythagoras ,  who 
could  recoiled:  that  in  the  Projan  War  he  was  Eu- 
j -phorbus ,  and  that  his  Shield  which  fome  Ages  be¬ 
fore  was  carried  by  another  Man,  was  hung  up  in 
the  Temple.  Therefore  that  which  is  not  retained 
in  your  Memory  is  nothing  with  regard  to  your- 
felf ;  fo  great  is  the  Advantage  of  this  Faculty  gi¬ 
ven  us  by  the  Creator. - But  this  Faculty  of 

Memory,  as  far  as  we  know,  depends  upon  the 
Body.  Indeed  Socrates  bids  us  doubt,  when  he 
fays,  that  we  guefs  more  than  we  know  concern* 
ing  things  to  come.  In  the  mean  time  if  this  Law 
is  eftabliffied,  namely,  if  the  Memory  refults  alto¬ 
gether  from  the  Dilpofition  of  the  Body  *,  in  that 
cafe  if  the  Thoughts  or  Ideas  are  ever  fo  excellent, 
remove  their  Connexion  and  it  will  be  Madnefs. 
Thus  Fools  conceive  right  Notions,  or  think  truly 
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of  every  particular  thing  or  Object,  and  are  capa¬ 
ble  of  giving  a  right  Anfwer  to  a  Ample  Queftidn  ; 
but  they  err  in  the  Connexion  of  their  Ideas,  their 
Head  running  from  the  Ox  to  the  Afs  immediately, 
without  remembering  what  they  thought  of  before. 
But  this  whole  Connection  of  our  Ideas  refults  from 
the  mechanical  Difpofition  of  the  common  Senfory, 
or  the  firft  Origin  of  the  Medulla  of  the  Brain  ; 
for  the  Memory  may  by  a  mechanical  Caufe  be 
deftroyed  for  a  time,  as  for  Example,  by  a  Di- 
ftenfion  of  the  Veins  from  drinking  too  great  a 
Quantity  of  Wine.  When  a  Perfon  is  in  a  Sleep 
he  is  quite  deftitute  of  all  Memory  ;  and  frequently 
if  an  Apoplexy  is  removed  without  killing  the 
Patient,  yet  it  often  deprives  the  Patient  of  his 
Memory  during  the  reft  of  his  Life. 

§.  582.  Ideas  or  Thoughts  may  therefore 
arife,  as  well  from  corporeal  Caufes  within 
the  Body,  however  latent,  affedting  the 
Nerves,  Spirits,  and  Brain,  in  the  fame  man¬ 
ner  as  to  excite  the  fame  Ideas,  as  if  they  arofe 
from  external  corporeal  Caufes.  And  this 
Difpofition  is  called  the  primary  Imagination  1 
or  Fancy. 

*  By  this  Name  we  underftand  the  Perception 
of  Ideas  arifing  in  the  Mind  from  internal  Caufes, 
like  thofe  Ideas  which  are  ufually  produced  by  ex¬ 
ternal  Caufes ;  for  when  the  like  unknown  mecha¬ 
nical  Change  is  made  in  the  common  Senfory,  the 
fame  Idea  is  produced  in  the  Mind  as  if  the  like 
Change  in  the  Senfory  arofe  from  fome  external 
Caufe,  which  is  not  here  fuppofed  to  have  any 
Action.  This  Faculty  the  Ancients  called  the 
Fancy,  and  the  Obje&s  of  it  Phantafmata  or  empty 

S  Appear- 
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Appearances.  For  Example,  J  fee  an  Objeft  ex¬ 
iting  without  me,  a  Flame*,  and  this  is  called  Vi- 
fion,  an  external  Senfe,  becaufe  by  the  common 
Confent  of  all  Men  this  Idea  or  Vifion  is  raifed 
from  an  external  Object  as  the  Caufe.  But  ano¬ 
ther  Perfon  who  prelfes  his  Eye  with  his  Finger, 
will  alfo  believe  that  he  fees  fiery  Sparks,  when 
there  is  no  fuch  real  Caufe  exifting  without,  fince 
other  People  fee  no  fuch  thing ;  and  this  Idea  is 
reprefented  as  ftrongly  and  clearly  to  the  Mind 
when  difeafed,  as  if  it  arofe  from  Fire  exifting 
without  and  placed  before  the  Eyes.  The  Idea 
arifing  from  the  real  Objedt  is  referred  to  the  ex¬ 
ternal  Senfe,  and  the  Perception  of  that  Idea  to 
the  primary  Imagination.  But  thefe  Ideas  are 
neither  ftrong  nor  eafily  lead  the  Mind  into  Error. 
Sometimes  a  Caufe  exifting  within  the  Brain,  fuch 
as  extravafated  Blood  reprefenting  red  Appearances 
to  the  Mind,  caufes  the  Idea  of  a  Rainbow  as  if 
feen  by  the  Eye  *,  fuch  Rainbows  feen  in  the  Be¬ 
ginning  of  a  Fever  are  ufually  fatal  to  the  Patient, 
though  he  be  not  as  yet  in  Danger;  according  to 
the  Obfervation  of  Diemerbroeck ,  fuch  a  Patient 
fays  that  he  then  fees  a  Rainbow,  but  you  on  the 
contrary  fee  nothing,  for  there  is  no  Rainbow 
without  the  Body  to  excite  fuch  an  Idea :  the  Per¬ 
fon  may  indeed  be  eafily  convinced  that  he  is  de¬ 
ceived,  but  then  it  will  be  found  that  the  Caufe 
exciting  the  Idea  of  a  Rainbow  is  within  himfelf ; 
and  that  Caufe  will  appear  to  be  as  real  in  the  Pa¬ 
tient,  as  the  Caufe  of  feeing  the  Rainbow  is  real, 
when  the  Sun  fends  forth  his  Rays  which  are  re¬ 
flected  to  us  from  a  watery  Cloud. 

§.  583.  If  now  there  is  a  ftrong  Remem¬ 
brance  of  a  fimilar  Idea  excited  formerly  by 

the 
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the  Aftion  of  feme  external  Object*  and  at  the 
fame  time  the  prefent  Idea  arifing  from  the 
internal  Difpofition  be  vivid,  there  follows  a 
ftrong  Perfuafion  in  the  Mind,  that  the  Caufe 
exciting  that  Idea  is  then  prefent  without  the 
Body ;  and  this  is  called  the  Jecondary  1  Ima¬ 
gination. 

1  When  the  Idea  of  any  thing  in  the  Mind,  for 
Inftance,  of  a  Book,  is  as  ftrong  when  the  Objeft 
is  abfent  as  it  formerly  was  when  the  Objedl  was 
prefent,  then  the  Memory  fup plies  the  Idea  of  the 
Book,  and  reprefents  it  fo  ftrongly  to  the  Fancy 
or  perceiving  Part  of  the  Mind,  that  we  are  al- 
moft  obliged  to  believe  we  actually  fee  the  Book 
placed  without  us.  But  this  arifes  from  the  Re- 
prefentation  of  the  Idea,  which  is  produced  by  the 
prefent  Adtion  of  an  internal  Caufe  with  a  ftrong 
Memory  of  the  fame  thing  which  formerly  exifted 
without  us.  This  Imagination  often  obliges  even 
wife  Men  eafily  to  err  and  obftinately  to  perfift  in 
the  fame  Error.  I  faw  a  young  Man  delirious  by 
over-ftudying  himfelf,  who  imagined  a  fierce  Dog 
continually  before  him  *,  and  the  Image  of  that 
Beaft  had  fo  imprefled  itfelf  upon  his  Mind  that 
he  continually  admonifhed  the  By-ftanders  to  keep 
away  from  that  dangerous  Creature,  and  could  not 
be  perfuaded  by  any  means  from  believing  that  the 
Dog  flood  at  his  Feet.  But  when  the  Mind  not 
only  perceives  fuch  an  Idea,  and  believes  it  to  be 
true,  but  is  alfo  joined  by  the  Will  which  a<5ls  in 
confequence  according  as  the  pleafing  or  difpleafing 
Idea  is  received  or  rejedled  |  we  ufually  call  fuch 
People  raving  mad.  I  faw  a  young  Student  deli¬ 
rious  from  a  Fever,  who  believed  that  he  was  char¬ 
ged  with  a  certain  Number  of  Pieces  of  Money, 
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which  he  was  to  deliver  to  the  Militia  under  the 
Penalty  of.  a  certain  Puniffiment  if  he  did  not  re¬ 
turn  to  his  particular  Station  and  Office  :  but  be¬ 
ing  negligently  guarded,  he  jumped  naked  thro* 
the  Window  and  betook  himfelf  to  that  Station 
which  he  imagined  to  be  commanded  him  ;  where 
being  found  and  brought  home,  he  afterwards  ex¬ 
pired  in  a  little  time. 

§.  584.  If  the  Will  in  the  common  Senfory, 
and  in  the  Parts  ftrongly  cohering  thereto,  re¬ 
tains  that  State  which  it  receives  from  the  Adti- 
on  of  a  diftindt  and  vivid  Objedt,  or  if  the  Adfi- 
on  of  all  other  Objedts  is  fuppreffed  or  totally 
effaced,  while  the  former  only  is  retained,  this 
Adtion  of  the  Mind  is  called  Attention  1  ;  by 
means  of  which  the  Idea  is  rendered  diftindt, 
clear,  vivid,  and  lafting,  and  is  therefore  the 
Parent  of  Knowledge  2,  as  being  the  bejl  3  way 
to  attain  it. 

1  Attention  is  a  Continuance  of  the  Imagination, 
or  a  Retention  of  the  common  Senfory,  in  the 
fame  State  in  which  it  was  difpofed  by  the  Idea 
which  the  Will  endeavours  to  retain.  Imagination 
is  the  viewing  of  a  ftronger  I  mage  than  others  de¬ 
rived  from  Objedts.  When  the  Mind  is  intent 
upon  one  Idea,  all  the  other  Parts  of  the  common 
Senfory  are  at  reft,  and  that  only  is  opened  where 
the  Idea  refides  which  we  would  reprefent  to  our- 
felves  as  prelent  *,  and  this  is  Attention,  which 
Cicero  calls  hearkening  to  a  thing.  When  there- 
-  fore  every  thing  is  filent  and  the  Adtion  of  only 
one  Object  is  received,  then  the  Perception  of  that 
Objeft  is  as  clear  as  poffible.  A  Mathematician 
enquires  how,  for  inftance,  a  Pentagon  may  be 

formed 
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formed  in  a  Circle  *,  and  therefore  he  rejedts  all 
other  Ideas  and  thinks  only  of  the  Properties  of  a 
Pentagon  and  Circle,  and  by  that  means  eafily  finds 
a  way  of  folving  his  Problem.  Young  Men  fre¬ 
quently  labour  under  this  Defeft,  namely,  that 
they  cannot  retain  one  Idea  alone  or  by  itfelf,  with¬ 
out  confounding  or  mixing  it  with  other  Ideas  .of 
a  different  Nature. 

1  Socrates  and  after  him  Plato  imagined  that  the 
Mind  left  to  itfelf  for  a  Moment  might  be  able  to 
perceive  things  infinite  and  the  mo  ft  difficult,  pro¬ 
vided  it  attended  only  to  the  Idea  propofed.  Thus 
Geometricians  when  they  think  upon  any  Propo- 
fition,  as,  for  Example,  the  Square  of  an  Hypo- 
theneufe  in  a  right  Angle  is  equal  to  the  Sums  of 
the  Sides  of  a  Square,  in  that  cafe  they  have  the 
whole  Demonftration  prefent  before  the  Mind  at 
one  Inftant,  which  is  contained  in  numerous  Pro- 
pofitions,  and  which  would  take  up  much  time* 
and  even  many  Hours,  if  any  one  would  relate 
them  in  order.  Yet  are  our  earthly  and  mortal 
Organs  inverted  with  that  divine  Strength,  that 
the  Mind  can  perfectly  underftand  when  it  drops 
Images  which  are  confufed  or  weaker  than  that 
which  it  is  our  fntereft  to  confider.  Francifeus 
Vieta  a  moft  profound  Mafter  in  Algebra,  and 
the  Reftorer  of  the  Analyfis  of  the  Ancients,  re¬ 
ceived  from  the  French  King  fecret  Tables,  in 
which  were  contained  the  moft  private  Counfels  of 
the  King  of  Spain-,  but  the  Writings  were  found 
to  be  in  an  unknown  Character,  not  legible  to  any 
Mortal,  and  therefore  they  were  delivered  to  Vieta 
to  be  expounded.  He  fets  about  the  moft  difficult 
Work,  and  for  the  Space  of  two  Days  neither  eat 
nor  drank,  nor  faw  or  heard  any  thing  till  at 
length  rifing  up  fuddenly  he  found  out  the  whole 
Myftery  :  fo  long  a  time  was  his  Mind  taken  up 
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without  attending  to  any  other  Objedl,  that  he 
might  find  out  the  one  thing  propofed.  Archimedes 
went  into  a  Bath  when  the  Problem  of  Hierones 
was  propofed  to  him  concerning  the  mixed  Gold  in 
the  Crown,  which  was  fufpe&ed  to  be  worked  up 
with  Silver  by  the  Artifl ;  of  a  hidden  this  great 
Mathematician  obferved  the  Water  to  rife  in  the 
Bath  upon  his  entering  into  it,  and  perceived  that 
from  this  rough  and  indigefled  Idea  of  fpecific 
Gravity  he  could  folve  the  Problem  ;  thus  there¬ 
fore  perceiving  the  Problem  folved  as  it  were  in  a 
Moment,  he  jumped  out  of  the  Bath  with  Joy, 
and  ran  about  naked,  crying  out,  I  have  found  it. 

3  It  is  not  impoffible  for  the  human  Mind  to 
conceive  fome  Objedt,  as,  for  lnftance,  a  Sphere 
to  be  prefent  before  the  Eyes,  and  to  tranfpofe 
and  examine  the  fame  all  manner  of  ways,  as 
plainly  as  if  it  was  prefent.  But  this  working  of 
the  Mind  is  very  laborious,  and  therefore  Mathe¬ 
maticians  do  not  chufe  to  charge  the  Memory  with 
difficult  Problems,  but  they  draw  certain  Lines 
which  do  not  indeed  exprefs  the  thing  itfelf,  before 
they  have  prefixed  certain  Ideas  to  each  Line,  and 
by  that  means  confider  them  in  order  and  in  com¬ 
bination  ;  whereas  the  Operation  would  be  im- 
menfely  difficult  and  laborious  if  it  was  to  be  work¬ 
ed  in  the  Mind  without  the  Affiftance  of  thefe 
Lines. 

§.  585.  From  what  has  been  faid  we  have 
a  Knowledge  of  the  five  external  Senfes,  as 
they  are  commonly  counted,  together  with 
the  internal  Senfes,  as  they  are  called;  namely, 
the  Memory,  Imagination,  or  Judgment,  In¬ 
clination,  or  Will,  and  Attention,  to  which 
feme  add  Hunger 1  and  Thirji 
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1  But  thus  even  Pain,  Pieafure,  Titillation,  and 
other  Senfations  ought  by  the  lame  Rule  to  be 
reckoned  among  the  Senfes  when  they  are  only 
different  kinds  of  feeling,  and  may  be  commodb 
oufly  reduced  to  Anguifh,  or  Sorrow,  or  to  Piea¬ 
fure  which  we  call  Joy. 

a  God  has  given  Thirft  to  Animals,  that  they 
might  know  one  of  their  chief  Wants.  There  is 
no  Neceffity  to  contrive  Tortures,  for  none  is 
more  fevere  than  Thirft.  Lyfimachus  being  in¬ 
verted  by  the  Enemy  gave  a  Kingdom  for  a  fin- 
gJe  Cup  of  Water,  crying  out,  when  he  drank  the 
coftly  Draught,  fo  much  coft  one  fingle  Cup. 
God  could  not  well  entruft  us  to  fupply  our  Wants 
by  Reafon,  for  we  are  led  on  too  flowly  by  that 
to  thofe  things  which  are  necelfary  to  be  done  for 
us. 

§.  586.  From  hence  we  are  enabled  to  un- 
derftand  the  Reafon  of  many  Particulars  rela¬ 
ting  to  the  Senfes,  and  which  may  be  here 
propofed  as  Queftions  5  fuch  as, 

1.  Why  corporeal  Signs  1  having  nothing 
more  than  the  Will  of  the  Creator,  do  in  fuch 
a  particular  manner,  affecft,  diredt,  and  change 
our  Ideas? 

2.  Why  it  is  impoffible  to  correct  2  or  to  al¬ 
ter  the  fecondary  Imagination  by  any  reafon- 
ing,  but  only  by  Force  or  Violence? 

3.  Why  (cceteris  paribus)  the  external  and 
internal  Senfes  are  ftronger,  or  more  exquifite, 
when  the  voluntary  Motions  3  of  the  Mufcles 
ceafe. 

4.  Why  Attention,  Memory,  and  Imagi¬ 
nation  ftupify  the  external  4  Senfes,  and  fup- 
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prefs  the  Motions  of  the  Body?  And  why 
thele  Faculties  lie  negleded  or  at  reft  S  when 
the  other  Actions  are  vigorous  ? 

5.  Why  the  Body  grows  fo  very  weak*> 
when  the  internal  Senfes  are  intenfely  exercifed 
for  a  long  time? 

6.  Whence  it  is  that  the  frequent  Change  7 
of  the  Objeds  or  Subjeds  of  Attention  fo  much 
exhilarates  the  Mind  ? 

7.  Why  Meat  8,  Drink,  Medicines,  Poi - 
ftns9,  Reft,  Exercife  IO,  Air  11 ,  Heat,  Cold, 
Cuftom  I2,  and  Pajfions  !3  of  the  Mind  have 
fo  great  an  Influence  in  all  thefe  Refpeds  ? 

8.  Upon  what  State  and  Condition  of  the 
Body  depends  the  Judgment1 4  affirming  or 
denying,  with  the  Reajbn  x5  and  regular  Me¬ 
thod  16  of  thinking  ?  And  laftly,  why  Diftin - 
Bion  1 7  is  of  fo  much  ufe  towards  right  Rea- 
fon  ?  And  why  it  fo  much  opprefles  the  Me¬ 
mory  18  or  fecondary  Imagination. 

1  Thefe  figns  are  apparent  in  Speech  and  read¬ 
ing,  for  there  is  no  affinity  betwixt  the  Voice  or 
Word,  and  the  Idea  of  the  Thing  which  we  figni- 
fy  by  that  Word.  If  I  pronounce  the  word  Cir¬ 
cle,  every  one  immediately  underftands  me,  name¬ 
ly,  an  Idea  is  raifed  of  a  curve  Line  which  I  had 
in  my  mind  when  I  pronounced  the  word  Circle  ; 
but  fuppofing  a  Foreigner  to  be  prefent  ignorant 
of  my  Language,  he  will  hear  the  fame  Sound 
without  underftanding  the  Senfe,  namely,  without 
the  Idea  of  a  Circle  following  in  his  Mind.  We 
learn  to  name  our  Letters  when  we  are  Children 
by  a  tedious  and  repeated  Labour,  and  then  to 
pronounce  the  Letters,  whofe  force  we  have  learnt. 
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into  Words,  tha£>«$  to  Read.  Thus  by  degrees 
thefe  Charadters  become  familiar  with  us ;  fo  that 
there  is  a  reciprocal  and  arbitrary  Connexion  be¬ 
twixt  the  Signs  and  the  Sounds  with  our  feveral 
Ideas,  fo  that  the  common  Ideas  excited  in  the 
whole  World  may  be  related  by  us  in  Hiftory, 
when  at  the  fame  time  there  is  no  immediate  rela¬ 
tion  either  betwixt  the  Letters  or  the  Sounds  with 
the  Things  themfelves.  But  this  is  what  has  not 
been  granted  by  God  to  Brutes  ;  not  even  to  Apes, 
which  in  other  refpects  approach  near  to  us.  But 
this  feemed  to  be  a  diabolical  Invention  to  the 
Indian  Slave,  concerning  whom  I  fpoke  at  §.  570. 
D.  Am?nannus ,  my  much  regretted  and  ever  to  be 
lamented  Friend,  being  moved  with  compaffion 
towards  a  Country  Lad  who  was  born  Deaf,  and 
confequently  Dumb,  taught  him  to  hear  with  his 
Eyes  by  Signs,  by  which  means  the  unfortunate 
Lad  learnt  to  read  and  write  in  the  fpace  of  fix 
Weeks  time.  He  placed  the  Lad  oppofite  to  a 
Preacher  who  was  explaining  the  facred  Text,  and 
the  Lad  fixing  his  Eyes  upon  the  Mouth  of  the 
Preacher,  took  down  the  Sermon  of  which  he  had 
not  heard  a  Word,  fo  that  he  was  able  to  repeat 
the  fame  at  Home.  Yet  he  did  not  underfland 
what  had  been  faid  ;  only  he  was  taught  by  ob- 
ferving  the  Motion  of  the  Face  and  Mouth  in  the 
Preacher,  to  move  his  own  Organs  in  the  fame 
manner  ;  and  therefore  what  he  repeated  was  only 
mere  Imitation  without  Knowledge.  Upon  giv¬ 
ing  this  Lad  fome  Bread,  he  knew  by  experience 
in  the  Tafte  what  it  was,  and  gave  it  the  Name 
of  Brood  or  Bread,  when  at  the  fame  time  he  was 
perfedly  ignorant  that  he  publifhed  any  fuch  Sound, 
as  we  know  we  do  when  we  pronounce  the  Letters 
of  the  word  Brood  or  Bread.  One  who  attentive¬ 
ly  confiders  thefe  Particulars,  will  wonder  at  the 
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Connexion  of  thefe  Organs  of  the  Senfes,  one  of 
which  being  affected  alfo  affeCts  the  other.  A  Lad 
who  hears  well  will  perceive  in  the  Dark  the  deter¬ 
minate  Voice  of  a  Perfon  producing  any  Tone, 
infomuch  that  the  Lad  will  imitate  the  like  Sounds, 
and  modulate  his  Voice  to  the  fame  Tone.  But 
who,  I  pray,  now  taught  that  Lad  to  make  fuch 
an  infinite  Number  of  the  moil  complex  mufcular 
Motions,  by  which  confpiring  together  the  fame 
Sound  will  be  produced  which  he  heard?  But 
even  this  Faculty  is  not  denied  to  Brutes,  for  the 
Parrot  can  do  the  fame.  If  that  Bird  is  fufpended 
in  a  dark  and  filent  Place  while  young,  and  hears 
the  Talk  of  but  one  Perfon,  he  will  learn  to  imi¬ 
tate  the  Voice  of  him  that  fpeaks.  But  how  won¬ 
derful  is  this  Connection  of  the  Organ  of  Hearing 
with  the  Mouth  and  Organs  of  Speech,  by  which 
the  latter  are  capable  of  publifhing  the  fame  Sounds 
which  are  perceived  by  the  Ears  ?  But  all  thefe  we 
perform  by  that  wonderful  and  natural  agreement 
which  unites  the  external  and  the  internal  Senfes 
together :  And  by  the  fame  means  we  may  ex¬ 
plain,  why  black  Points  of  a  determinate  Figure 
may  excite  the  Love,  Hatred,  or  Admiration  of  a- 
nother  Perfon  ;  namely  Becaufe  determinate  Ideas 
are  connected  by  infeparable  Bonds  to'thofe  exter¬ 
nal  Signs ;  fo  that  when  thefe  Signs  affeCt  the  ex¬ 
ternal  Senfes,  they  excite  in  the  Memory  and  Mind 
thofe  Ideas  which  we  judge  them  to  reprefen t. 

a  It  is  altogether  impoffible  to  overcome  the  fe- 
condary  Imagination  by  the  force  of  Reafon  only. 
Even  the  wifeft  of  Men  often  fall  into  the  moil 
falfe  Notions,  to  which  they  fo  firmly  adhere, 
that  they  cannot  be  feparated  from  thence,  nor 
convinced  of  their  Abfurdity  by  the  moft  evident 
mathematical  Demonftration.  Nor  is  this  any 
wonder  ^  for  all  the  force  of  Reafoning  can  never 
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perfuade  me  to  believe  contrary  to  the  Evidence  of 
my  Senfes,  fo  as  to  oblige  me  to  think  I  do  not 
fee,  when  I  fee  plainly  with  my  Eyes.  And  this 
is  a  Law  eternal  and  facred  from  the  Creator.  If 
Pyrrhus  and  Sextus  Empiricus  were  to  rife  out  of 
their  Graves  and  by  the  moft  fubtle  Reafonings 
endeavour  to  perfuade  me  that  I  do  not  fee,  I 
fhould  certainly  refill  them  with  Incredulity,  and 
firmly  adhere  to  my  Senfes.  For  there  is  an  eter¬ 
nal  and  infeparable  Connection  betwixt  the  Im- 
preffion  made  on  the  common  Senfory,  and  the 
Idea  of  the  Mind  arifing  from  that  Impreflion. 
But  as  I  believe  my  external  Senfes,  fo  I  am  ob¬ 
liged  to  confide  in  my  Intellects.  If  a  fimilar  and 
equally  vivid  ImprelFion  lhould  arife  in  the  com¬ 
mon  Senfory  from  an  internal  Caufe  in  the  fame 
manner  as  is  ufual  from  the  Action  of  an  external 
Object,  the  Mind  is  then  obliged  to  confide  as 
much  in  the  Imagination,  as  it  ufed  to  trull  to  the 
Senfes.  If  my  common  Senfory  is  fo  difpofed  as 
it  was  when  I  faw  a  red  Circle  before  my  Eyes,  I 
fhall  then  abfolutely  believe  that  I  fee  fuch  a  red 
Circle.  A  melancholy  Perfon  of  the  moll  pro¬ 
found  Reafoning,  and  endowed  with  the  trueft. 
Judgment  in  the  nature  of  Things,  will  continue 
in  the  Opinion  which  the  Mind  conceived,  until 
fome  violent  motion  in  the  Body  makes  a  llronger 
ImprelTion  upon  the  common  Senfory  than  the 
internal  caufe  of  the  preconceived  Idea,  and  then 
he  will  be  fet  free  from  his  Prejudice.  Many  fur- 
priling  Accounts  of  the  Power  of  Imagination  are 
given  us  by  Montaigne ,  who  by  Inllances  proves 
that  the  wifefl  of  Ferfons  have  fome  Objedls  in 
which  they  are  delirious.  I  faw  an  eminent  Gen¬ 
tleman  who  was  perfuaded  his  Legs  were  two 
Straws  ;  and  though  he  was  extremely  well  fkilled 
in  the  nature  of  al]  other  Things,  he  could  not  by 

any 
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any  Arguments  be  perfuaded  from  his  Error  :  his 
Friends  advifed  him  to  ufe  his  Eyes  in  the  cleareft 
Light,  to  handle  his  Legs  with  his  Fingers,  and 
convince  himfelf  of  their  retaining  their  natural 
Subftance  and  Figure  ;  yet  he  obftinately  perfifted 
in  his  Opinion,  being  very  tender  and  careful  of 
his  Straws,  fo  that  he  would  not  (land  upon  them, 
left  the  brittle  Supporters  fhould  break.  At  length 
his  Friends  fo  much  fatigued  him  by  their  Impor¬ 
tunities,  that  they  prevailed  upon  him  to  fecure 
his  Legs  in  ftrong  Boots  that  they  might  not  be 
broke,  and  that  when  he  had  thus  fecured  them 
to  take  a  Journey  into  the  Country  in  a  Chariot 
to  relax  his  Mind:  but  in  the  Way  were  placed 
two  Students,  who  Handing  up  on  one  fide  of  the 
Chariot  mafked,  and  with  their  drawn  Swords  in 
the  habit  of  Robbers,  leaving  the  other  fide  of  the 
Chariot  at  liberty  ;  the  Gentleman  perceiving  this, 
forgot  his  Straw  Legs,  and  betook  himfelf  to  his 
Heels,  jumping  out  very  nimbly,  and  from  that 
Time  was  cured  of  his  Prejudice.  From  hence 
many  thoufands  have  deplored  theWeaknefs  of  hu¬ 
man  Knowledge,  fince  this  Gentleman  as  firmly 
believed  that  his  Legs  were  Straws,  both  to  his 
Sight  and  Touch,  as  he  now  believed  that  they 
were  real  Legs.  A  Counfellor  at  Paris ,  to  whom 
the  greatefl  Affairs  of  the  Law  were  ufually  refer¬ 
red,  retained  his  Urine  from  a  fear  that  he  fhould 
drown  the  vafl  City,  infomuch  that  he  would  cer¬ 
tainly  have  perifhed,  unlefs  the  Phyficians  had 
found  out  a  Device  to  undeceive  him.  They  or¬ 
dered  an  outcry  to  be  made  of  a  great  Fire,  which 
there  was  no  hopes  of  extinguifhing  ;  hereupon 
the  prejudiced  Gentleman,  to  fave  the  People, 
evacuated  three  or  four  Ounces  of  Urine,  and  at 
the  fame  Time  was  freed  from  his  Error.  Ano¬ 
ther  Perfon  was  perfuaded  that  he  had  the  Snout 
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of  an  Elephant  inftead  of  a  Nofe,  and  could  not  be 
brought  to  believe  the  contrary  neither  by  his  Sen- 
fes  of  feeling,  and  feeing  himfelf  in  a  Glafs,  nor 
yet  by  the  Reafonings  and  unanimous  Teffimony  of 
By-flanders  ;  at  length  a  Surgeon  made  a  fmal! 
Incifion  in  his  Nofe  fo  as  to  fet  it  on  Bleeding,  and 
eafily  perfuaded  him  that  he  had  cut  off  the  difa- 
greeable  Snout.  I  knew  another  Gentleman  of 
Letters  who  ftrongly  imagined  that  he  carried  about 
with  him  an  uncommon  Tumor,  from  which  Pre¬ 
judice  he  was  freed  by  a  fmall  wound  in  the  Skin 
with  the  {hew  of  a  piece  of  raw  Beef.  In  the  cure 
of  thefe  People  therefore  care  fhould  be  taken  not  to 
oppofe  them  in  their  prejudiced  Opinion  by  rea- 
foning  ;  for  fo  ftrong  and  familiar  is  the  Idea  ari- 
fing  from  their  Error,  that  you  will  never  be  able 
to  convince  them  ;  but,  on  the  contrary,  they  are 
to  be  humoured,  and  their  Opinion  correfted  by 
fome  other  Device  oppofite  to  their  Delirium, 
which  will  not  be  otherwife  curable.  For  fo  foon 
as  you  fhall  be  able  to  excite  a  ftronger  Idea  in  the 
common  Senfory,  than  that  falfe  one  with  which 
they  are  prejudiced,  the  equable  diftribution  of 
Ideas  is  then  reftored,  and  with  that  the  true  Judg¬ 
ment  of  the  Mind. 

3  If  you  walk  with  a  Geometrician,  and  pro- 
pofe  a  difficult  Propofition  to  him  by  the  way  to  be 
folved  ;  he  makes  a  fort  of  Enquiry  in  his  Brain, 
and  you  will  perceive  him  (top  continually  at  fmall 
Intervals,  and  afterwards  continue  on  in  his  Walk 
when  he  has  refolved  the  Problem.  Thus  all  the 
other  Paffages  to  the  common  Senfory  are  {hut  up, 
that  the  one  thing  fought  for  by  the  Mind  may 
appear  more  difiinft. 

4  A  Perfon  who  is  about  to  meditate  or  think 
Upon  any  Matter,  does  not  go  into  the  Exchange 
or  other  publick  Company,  but  retires  into  Soli¬ 
tude, 
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tude,  where  there  may  be  no  fenfible  Obje&s  to 
draw  off  his  Mind,  and  where  he  may  be  free 
from  all  Motion  ;  for  by  this  means  the  Imagina¬ 
tion  will  be  the  moft  quick  or  vivid,  and  the  Me¬ 
mory  moft  ready. 

5  The  deep  Study  or  Extafy  in  which  all  the 
Parts  are  at  reft,  is  remarkable  in  the  Inftance  of 
Archimedes.  That  great  Geometrician  drawed 
Cones,  Spheres  and  Cylinders  in  Sand  after  the 
manner  of  the  Philofophers  of  his  Age  ;  in  the 
mean  time  Marcellus  fuddenly  overcame  and  dif- 
perfed  his  Soldiers  through  the  City,  where  they 
broke  into  the  Mufeum  of  the  Roman  Philofopher 
with  their  Swords  drawn  ;  but  he  not  at  all  terri¬ 
fied  at  the  Conqueft  of  his  Country,  or  the  prefent 
Image  of  Deftrudlion,  commanded  the  Soldiers  not 
to  difturb  his  Circles.  The  fame  Archimedes  alfo, 
upon  another  Occafion  jumped  naked  out  of  the 
Bath,  and  run  about  in  Public,  being  feized  with 
a  fudden  fit  of  Joy  from  his  meeting  with  an  An- 
fwer  to  a  different  Problem,  which  was  propofed 
to  him  by  the  King.  This  is  a  common  Accident 
with  melancholy  People,  who  ufually  apply  their 
Thoughts  and  Senfes  entirely  to  one  Objedt,  nei¬ 
ther  rejoicing,  fearing,  nor  hardly  thinking  about 
other  things. 

6  A  Mathematician  who  has  been  labouring  an 
Hour  or  two  to  folve  a  difficult  Problem,  will  cer¬ 
tainly  be  more  wearied  and  fatigued  than  a  Me¬ 
chanic  who  has  been  working  all  Day.  The  Caufe 
is,  that  in  Meditation  all  the  Paflages  from  the 
common  Senfory  to  the  voluntary  Motions  are  ffiut 
up,  and  the  Spirits  retained  in  the  Brain,  fo  that 
they  cannot  flow  into  the  Mufcles ;  and  therefore 
a  long  time  is  neceflary  to  reftore  thofe  Motions, 
and  to  difpofe  the  animal  Spirits  into  their  equable 
Transflux  to  every  Part;  and  from  hence,  rather 

than 
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than  a  Lofs  of  the  Spirits,  arifes  that  Laffitude. 
Meditating  Men  hardly  perfpire,  according  to  San- 
Siorius ;  and  if  they  do  perfpire,  it  is  much  iefs 
than  in  a  Perfon  exercifed  in  walking,  or  any  other 
mechanical  Work. 

7  This  Variation  of  Objects  or  Subjedts  upon 
which  the  Mind  is  employed,  I  mull  ftrongly  re¬ 
commend  to  you  and  all  who  are  ftudious  of 
Learning.  The  more  ardent  the  Affection  of  the 
Mind  is  towards  any  Science,  the  more  certainly 
will  the  Body  be  deltroyed  by  Application  to  it,  if 
you  obftinately  fix  your  Study  to  that  one  thing.  On 
the  contrary,  you  may  be  able  to  fpend  a  whole  Life 
dedicated  to  the  IVlules  without  fatigue,  by  mixing 
other  agreeable  Labours  or  Exercifes  with  your 
Studies.  We  ought  never  to  let  our  Minds  be 
ftrongly  fixed  for  too  long  a  time  upon  any  one 
Subjedl,  unlefs  we  would  become  melancholy  ;  but 
we  ought  perpetually  to  alter  our  Thoughts  upon 
various  and  oppofite  Subjedts.  A  Geometrician 
perceiving  any  Languor  approach,  or  Love  of 
Solitude,  always  lays  afide  his  deep  Meditations, 
and  falls  to  Mufic  or  the  reading  of  Poetry,  which 
are  Subjedts  of  a  very  different  Nature  from  ma¬ 
thematical  Readings.  Thus  the  common  Senfory 
will  labour  equally  in  different  Provinces,  and  be 
diverted  by  the  Variety.  .  But  if  you  defire  toper- 
fill  in  one  Study,  the  lead  Injury  that  can  befal 
you  will  be  an  Incapacity  towards  the  other  Fun¬ 
ctions  or  Adtions  of  human  Life ;  and  though  it 
is  certain  that  you  will  become  learned,  and  may 
enlarge  the  Bounds  of  the  Art  to  which  you  apply, 
yet  take  care  that  you  do  not  become  a  Fool  toge¬ 
ther  with  your  Fellow  Citizens.  ° 

It  gives  me  furpnle  to  read  the  Writings  and 
Difcourfes  of  fome  wife  Men,  who  think  that  their 
Thoughts  depend  upon  themfelves $  for  even  our 
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Food  only  may  fupprefs  or  obfcure  that  divine 
Part  which  is  capable  of  this  Faculty.  A  Geome¬ 
trician  who  before  Dinner  is  capable  of  refolving 
a  moft  difficult  Queftion,  becomes  dull,  fleepy, 
and  ftupid  by  a  large  Meal,  and  the  more  fo  if  he 
has  drank  freely  ;  fince  fermented  or  fpirituous 
Liquors  have  the  fame  Effedt.  It  is  not  poffible 
for  the  Thoughts  of  a  Perfon  to  be  the  fame  when 
he  is  drunk  as  when  he  is  fober  ;  and  the  Ancients 
have  long  ago  pronounced,  that  one  who  drinks 
Wine  will  think  differently  from  one  who  lives 
contentedly  with  Water.  Even  the  moft  wife 
Socrates  was  for  dancing  at  the  Feaft  of  his  Scho¬ 
lar  Xenophon  1  when  he  faw  a  moft  lkilful  Har¬ 
lequin  •,  but,  fays  Cicero ,  no  one  danced  more 
foberly  or  gravely. 

9  There  are  fome  Poifons  difcoverable  by  Expe¬ 
riment,  and  which  have  been  fo  improved  by  the 
horrid  Art  of  thofe  who  have  been  employed  as 
Poifoners,  that  any  Paffion  or  Faculty  of  the  Mind 
may  be  fuppreffed  by  its  refpedlive  Poifon,  and 
others  excited  by  fome  proper  Remedy.  We  are 
not  to  look  upon  the  Writings  of  the  Ancients  as 
mere  Fables,  when  we  read  their  Accounts  of  Phil¬ 
tres.  In  the  Empire  of  Indoftan ,  it  is  a  Pradtice 
at  Court  to  quell  Seditions  by  a  Drink  which  the 
Subjedts  of  the  Mogul  call  Pouft,  made  by  an  In- 
fufion  of  Opium  with  the  Stramonium  :  A  Portion 
of  this  Medicine  is  fwallowed  by  thofe  who  are 
at  the  Head  of  the  Confpiracy,  without  which 
they  are  not  to  have  any  Dinner ;  and  thus  the 
Body  is  indeed  not  much  changed  only  a  little  ema¬ 
ciated  ;  but  thus  the  Principle  of  our  Humanity  is 
fuffocated :  For  the  Senfes,  Perception,  Memory, 
Judgment,  and  other  Faculties  of  the  Mind  are 
gradually  effaced,  leaving  the  Body  to  live  as  it 
were  a  mere  vegetable  Lite,  if  that  may  be  called 

living* 
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living.  So  ingenious  has  wicked  Ambition  made 
Mankind'  towards  their  own  Deflrudlion  namely, 
for  fear  of  a  feditious  Revolution  in  the  Empire, 
the  new  made  Emperor  ufually  kills  all  his  younger 
Brothers,  preferving  his  own  Offspring  only  :  but 
even  then  he  is  not  iafe,  tor  afterwards  JPnnces  are 
produced  who  are  faid  to  have  efcaped  that  Fate. 
But  they  who  proceed  with  a  more  cautious  Am¬ 
bition,  fpare  the  regal  Blood  of  their  Kindred  and 
keep  them  living  *,  but  fo  ffupify  or  infatuate  them 
by  the  forementioned  poifonous  Drink,  that  if  any 
ftrong  Faction  or  Tumult  is  railed,  the  living 
Image  of  a  Man  is  produced  to  the  People,  defti^ 
tute  oi  all  Power  of  thinking. 

One  who  is  reafoning  cannot  walk,  but  is 
obliged  to  fit  or  ftand  {fill,  unlels  he  will  run  the 
Hazard  of  falling  into  Error. 

11  The  State  of  the  Air  has  evidently  a  confide- 
rable  Influence  upon  the  Faculties  of  the  Mind, 
according  to  the  different  Seafons  of  the  Year,  in- 
tenfe  Heat  or  Cold,  CtV. 

^  Nor  is  Cuflom  or  Ufe  often  of  lefs  Force. 

13  Thefe  Affe&ions  arife  from  a  greater  Impref- 
fion  made  upon  the  common  Senfory ;  and  which 
therefore  confequently  difturb  the  Thoughts  and 
Ufe  of  our  Reafon. 

14  I  do  not  here  afk  what  Judgment  is,  to  avoid 
running  into  a  metaphyfical  Queftion  ;  but  I  only 
enquire  what  Condition  of  the  Body  that  is  from 
whence  Judgment  refuks.  By  Judgment,  I  intend 
the  Formation  and  Perception  of  two  Ideas  at  once 
in  the  Mind,  which  makes  an  Enquiry  whether 
they  are  the  fame  or  different.  I  afk  then  whether 
a  Triangle  and  Circle  are  of  the  fame  Figure,?  to 
which  every  one  will  anfwer  in  the  negative  *,  and 
add,  becaufe  the  Idea  or  Mode  of  a  Triangle  is 
perceived  different  from  that  of  a  Circle.  From 
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hence  I  conclude,  that  Judgment  is  not  an  Adion 
of  the  Will  afferting  or  denying,  as  it  is  defined 
by  Cartefius .  For  no  Perfon  in  his  right  Mind- 
will  fay,  that  two  and  three  make  four ;  or  even 
if  he  was  to  fay  fo,  it  would  not  be  believed  by 
himfelf.  For  Judgment  is  the  real  Difference  be¬ 
twixt  the  Similitude  or  Diverfity  of  Ideas  which 
are  raifed  at  the  fame  time  in  the  Mind,  and  is 
therefore  not  a  Confequence  of  any  Part  in  our- 
felves,  but  of  the  mere  Ideas  only  fo  that  the 
fame  Difference  or  Similitude  will  oblige  the  Mind 
to  judge  whether  it  will  or  no,  that  one  is  one  and 
two  are  two  when  the  fame  Numbers  are  prefent. 
Perception  only  determines  the  Judgment,  which 
will  be  juft  when  both  Ideas  appear  equally  diftind 
and  clear  ;  but  wrong  when  you  perfuade  yourfelf, 
that  two  Ideas  are  one  and  the  fame  before  they 
have  been  diftindly  reprefented.  Attention  is  the 
only  means  to  redify  this  Error,  not  from  its 
changing  the  Thoughts  but  from  rendering  the 
Ideas  more  diftind,  namely,  by  giving  a  ftronger 
Reprefen tation  of  the  thing  itielf,  fo  that  it  may 
be  more  vivid  in  the  common  Senfory  at  that  time 
than  any  other  Impreffion.  Attention  is  therefore 
neceffary  to  form  a  right  Judgment,  fince  that 
alone  renders  the  Ideas  diftind  :  By  Reafon  we  un¬ 
derhand  the  Comparifon  of  Judgments,  as  Judg¬ 
ment  is  the  Comparifon  of  Ideas.  After  you  have 
feen  that  5*  and  4*  + 3*  make  likewife  25,  and 
then  conclude  there  are  therefore  $2  =4*  g2 ; 
then  this  Conclufion  is  Reafon*  But  for  Reafon 
to  be  juft,  the  two  Ideas  ought  to  be  clearly  percei¬ 
ved  ill  the  Mind ;  and  then  the  third  Idea,  with 
-  which  they  are  compared,  ought  likewife  to  be 
equally  clear  ;  and  then  we  may  be  capable  of  con¬ 
cluding  in  the  affirmative  or  negative  without  Er¬ 
ror,  concerning  the  Agreement  or  Difference  of 
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thofe Ideas :  and  therefore  reafoning  appears  to  be 
a  Complication  of  Judgment;  and  consequently 
it  requires  more  time  than  fimple  Judgment. 
Hence  it  is  that  we  find  fome  Men  of  bad  Memo¬ 
ry  who  judge  well  but  reafon  worfe.  Fools  clearly 
perceive  and  judge  alfo  diftinftly,  but  they  reafon 
wrong  *,  for  that  requires  a  Continuation  of  many 
Ideas;  which  ought  to  be  obferved  at  one  and  the 
fame  time  in  the  Mind,  and  in  this  they  err. 

tf  This  is  the  moft  perfect  in  the  mathematical 
Method  or  Order,  that  is,  when  the  Principles  to 
be  learnt  are  difpofed  in  fuch  Order,  that  no  Idea 
is  affumed  but  what  has  been  firfl  expre  fifed  before 
by  a  clear  and  adequate  Definition  ;  but  a  thing 
can  be  well  defined  only  when  it  is  clearly  percei-r 
ved.  Moreover,  from  thefe  Definitions  are  dedu¬ 
ced  moil  fimple  Combinations,  concerning  which 
there  is  not  the  lead  room  to  doubt ;  and  then  thefe 
Definitions  and  primary  Combinations  having  been 
ftridtly  examined,  are  affumed  as  Fundamentals  or 
Principles  from  whence  more  obfcure  and  complex 
Propofitions  are  deduced,  which  yet  contain  no¬ 
thing  which  is  not  certain  or  evident  in  the  prece¬ 
ding.  When  a  Geometrician  once  in  his  Life  is 
obliged  to  believe  even  againft  his  Inclination,  that 
three  Angles  of  any  Triangle  are  equal  to  two  right 
Angles,  he  will  always  believe  it  and  efteem  it  as 
an  indubitable  Axiom  as  long  as  he  lives.  Euclid 
has  given  us  a  notable  Inftance  in  his  fifteen  Books, 
of  the  manner  in  which  we  may  proceed  juftly, 
from  the  moft  fimple  Propofition  to  the  Demon- 
fixation  of  the  moft  intricate  Theorems. 

16  A  Perfon  will  not  be  in  danger  of  Error  who 
does  not  confound  any  two  fimple  Ideas.  He  wifi 
become  a  good  Anatomift  who  confiders,  that  an  Ar¬ 
tery  is  of  the  fame  Nature  in  every  Part  of  the  Bo- 
$y>  that  the  Addons  of  the  Body  refill t  from 
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the  Adlion  of  the  Artery  *,  which  he  therefore  con- 
fiders  by  itfelf  as  a  fimple  Propofition,  remarking, 
remembering,  and  digefting  its  feveral  Properties, 
and  then  uflng  its  feveral  known  Properties  to  ex¬ 
plain  the  whole  animal  CEconomy. 

17  &  18  Judgment  and  Reafoning  are  repugnant  to, 
or  refufe  a  geometrical  Method,  becaufe  it  fubjedts 
us  to  one  mod  confiderable  Impreffion,  namely,  a 
Tingle  Notion  of  a  complex  Idea  ;  fince  the  Ima¬ 
gination  cannot  retain  all  Notions  at  once.  Pafli- 
ons  of  the  Mind  likewife  adl  in  the  fame  manner  ; 
for  thefe  occafion  the  Ideas  to  be  reprefented  to 
11s  otherwife  than  they  are  without  us,  combining 
them  with  fome  of  the  ftronged  Affedlions  in  the 
common  Senfory.  The  Ideas  therefore  of  things 
are  very  much  altered,  according  as  they  are  either 
accompanied  with  Love,  Hatred,  or  Admiration. 
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of  Vigilance  or  Watching. 

§.  587.  A  PERSON  is  laid  to  be  awake 1 
1L  or  watching,  whofe  external  and 
Internal  Organs  of  Senfe  with  the  Inftruments 
of  voluntary  Motion,  are  fo  difpofed  that  they 
can  eafily  exercife  their  accuftomed  Offices  or 
Motions,  and  be  readily  affedted  by  Objedts. 

1  Thus  we  call  that  State  of  the  Body,  in  which 
the  Adtions  of  the  internal  and  external  Senfes  and 
Motions  of  all  the  Muffles  may  be  readily  or  nim¬ 
bly  performed  without  any  Re fi dance'.  I  am  awake 
when  my  Eyes  being  open  continually  fee  all  Ob- 
jedts,  but  when  I  am  afleep  my  Eyes  are  infenfible  : 
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I  am  awake  alfo  when  I  perceive  the  Jeaft  audible 
Sounds,  and  when  thofe  Sounds  efcape  me  I  am 
fleeping.  I  am  awake  when  by  the  lead  Inclina¬ 
tion  of  the  Mind  or  Determination  of  fome  exter¬ 
nal  Objed  my  Mufcles  move,  my  Tongue  fpeaks, 
and  Feet  walk,  &V.  I  am  therefore  awake  fo  long 
as  that  phyfical  Condition  continues  in  the  common 
Senfory,  by  which  the  A&ions  of  external  Objeds 
being  applied  in  the  ufual  manner  to  the  Organs  of 
the  Body,  excite  the  refpedive  Ideas  in  the  Mind. 
I  am  alfo  watching  when  the  lead  Change  in  the 
thinking  Principle  may  determine  the  Principle  of 
Motion  towards  the  Mufcles,  though  the  Motion 
or  Aditfelf  cannot  be  determined.  It  is  provided 
by  a  wonderful  Inftitution  of  the  Creator,  that  one 
half  of  our  Lives  we  fhould  be  Machines,  and  the 
other  half  cogitative  or  thinking  Beings. 

§.588.  Vigilance  therefore  altogether  de¬ 
pends  upon  the  Prejence  1  of  a  large  Quantity 
of  laudable  Spirits  in  the  Brain  and  its  Me¬ 
dulla,  with  the  Nerves  and  Mufcles ;  and  alfo 
upon  the  good  Condition  of  the  folid  Parts 
conftituting  the  Brain,  Nerves,  and  Mufcles. 

1  That  is,  when  Spirits  are  duly  fecerned  in  the 
common  Senfory,  or  in  the  whole  Origin  of  the 
Medulla  from  the  cortical  Part  of  the  Brain,  where, 
after  their  Separation  from  the  arterial  Humours  in 
the  Cortex,  the  fecerned  Spirits  are  fent  into  the 
Beginning  of  the  hollow  medullary  Fibres,  which 
are  thus  equally  filled,  and  through  them  may  be 
equally  conveyed  to  the  five  external  Organs  of 
Senfe,  and  to  the  voluntary  Mufcles.  Vigilance 
therefore  in  the  human  Body  confifts  in  an  equable 
Repletion  in  all  the  Nerves  which  arife  from  the 
Brain, 
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§.  589.  Vigilance  may  be  therefore  faid  to 
be  that  State  of  the  Body,  in  which  the 
Circumitances  of  the  two  preceding  Sections 
concur.  bniM  erh  Jo 


Of  Sleep. 


§.  590.  IT)  U  T  the  Knowledge  of  Sleep  was 
JQ)  always  eftemed  to  be  much  more 
obfcure,  even  though  it  be  only  the  oppofite  1 
State  to  Vigilance  2  or  Waking ;  and  therefore 
to  acquire  a  Knowledge  of  its  Nature,  it  is 
neceflary  for  us  to  conlider  accurately,  all  the 
Phenomena  3  or  Appearances  with  which  Sleep 
is  attended ;  and  iuch  are  the  following : 

1.  A  Perfon  who  begins  from  waking  to 
fall  into  a  Sleep,  gradually  grows  dull,  while 
at  the  fame  time  all  the  Senles  both  external  4 
and  internal  are  more  difficultly  exercifed,  and 
being  accompanied  with  a  Weight  or  Heavi- 
nefs  of  the  whole  Body,  they  at  laft  altogether 
ceafe. 

2.  Ail  the  voluntary  5  Motions  begin  6  to  be 
retarded  by  degrees,  and  afterwards  diminiffi- 
ed  with  the  Senfe  of  a  great  Refinance,  and  at 
length  y/holly  ceafe. 

3.  The  Mufcles  deftined  to  perform  thofe 
voluntary  Adtions  grow  flaccid  7,  collapfe,  be¬ 
come  loofe  and  in  a  manner  paralytic,  firft  in 
the  Eye-lids  8,  and  then  in  the  Face  9,  Neck  IO, 
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Arms  II,  and  from  thence  downward,  de- 


fcending  gradually  lz  through  all  the  lower 
Limbs. 


4.  All  thofe  corporeal  Adtions  and  Paflions 
of  the  Mind  ceafe  *3,  which  follow  as  Confe- 
quences  of  the  other  three. 

5.  But  in  the  mean  time  the  Motion  of  the 
Arteries,  Veins  and  Heart  become  Jironger  H, 
flower  J4,  move  equable  and  full,  paffing 
through  different  degrees  of  increafe  1S  accor¬ 
ding  as  Sleep  itfelf  increafes. 

6.  The  Relpiration  becomes  deeper l6,  ftron- 
ger3  flower,  and  more  equable  by  degrees, 
increafing  in  proportion  as  Sleep  itfelf  ad¬ 
vances. 

y.  And  therefore  all  the  Adlions  which  de¬ 
pend  upon  thefe  two  (  §.  5.  and  6. )  are  more 
perfeBly  1 7  performed ;  and  therefore  the  Cir¬ 
culation  of  the  Blood  is  better  carried  on  in 
order  to  a  due  Concodtion,  Secretion  l8.  Per - 


fpirationl9  and  Diftribution 20  of  the  Hu¬ 
mours  with  the  Nutrition  2 1  of  the  folid  Parts  ; 
aud  more  efpecially  the  Motion  of  the  Hu¬ 
mours  is  accelerated 22  through  the  Blood- vef- 
fels  which  are  nearer  to  the  Heart,  but  flower 
through  the  lateral  Vefiejs,  and  thofe  which 
are  more  remote  from  the  Heart,  towards 
which  in  the  time  of  waking  they  are  propel¬ 
led  by  the  Contradlion  of  the  voluntary 
Mufcles. 

8.  A  Perfon  fleeping  awakes  23  when,  any 
external  Objedt  violently  24  affedts  the  Senfory ; 
or  from  the  Senfation  of  fome  iPneajinefs  H 
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from  the  Stimulus  of  any  Excrement,  or  from 
the  Uneafinefs  arifing  from  the  Compreffure 
of  any  Part,  which  has  been  lain  upon  too 
long;  but  lometimes  the  Perfon  awakes  fpon - 
taneoujly  z6.  Laftly,  the  longer  Sleep  is  con¬ 
tinued,  fo  much  the  more  is  Sleepinefs  27  in- 
creafed,  fo  that  [cater is  paribus)  at  length  al- 
moft  the  whole  Life  may  be  fpent  in  Sleeping. 

9.  When  a  Perfon  awakes,  he  feems  to  be 
at  fr ft  as  it  were  convuljedz%  y  the  Eye-lids  29 
are  next  opened,  the  Limbs  ft  retched  3°,  the 
Perfon  gapes  or  yawns,  looks  drowjy  ,  but 
by  degrees  becomes  fit  for  Senfe  and  Motion ; 
and  then  finding  his  Strength  renewed,  he  is 
in  full  Vigour. 

1  Vigilance  is  when  the  Body  is  eafily  affedted  by 
external  Objects  capable  of  tranfmitting  their  Im- 
preftions  to  the  Mind  ;  and,  on  the  other  hand,  when 
the  Mind  by  the  Will  eafily  influences  the  Body. 
On  the  contrary,  Sleep  is  that  State  in  which  no  Idea 
is  tranfmitted  from  without  to  the  Mind,  and  the 
Mind  itfelf  exercifes  little  or  no  influence  upon  the 
Body.  That  is  to  fay,  the  Creator,  who  has  pre¬ 
ferred  Law’s  to  the  human  Species,  as  well  as  to 
other  Animals,  has  placed  in  our  Bodies,  as  well 
as  in  Brutes,  a  twofold  Machine,  one  of  which 
continues  to  abl  until  the  whole  is  deftroyed  ;  that 
is  to  fay,  i.  The  Heart  and  Organs  of  Refpiration 
fo  far  as  thefe  laft  conduce  to  Life ;  to  which  add 
the  periftaltic  Motion  of  the  Inteflines,  and  all 
thofe  Motions  which  derive  their  origin  from  the 
Syftole  and  Diaftole  of  the  Heart.  When  thefe 
Machines  are  at  reft,  the  Body  is  perfectly  dead, 
fo  that  it  can  never  be  raifed  again  in  this  World. 
The  other  Machine  in  the  Body  is  the  animal  Fart, 
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•which  afts  and  reds  alternately  at  times.  By  rea- 
fon  of  this  viciflitude  in  the  animal  Part  it  is  that 
Man  is  no  more  than  a  mere  Machine  durino-  a 
cpn  fide  table  portion  of  his  Life,  namely,  in  the 
time  of  Sleep,  at  which  time  the  animal  Part  is 
dead,  and  the  former  vital  Machine  only  conti¬ 
nues  to  adt  ;  but  if  that  alfo  ceafes,  a  fatal  Sleep 
enfues,  from  which  we  never  awake,  namely,  per- 
fe<5t  Death  itfelf.  Thefe  two  kinds  of  Death  are 
wifely  called  Sifters  by  Homer,  and  by  Gorgias 
Leontinus  the  Orator  -,  for  Sleep  and  Death  differ 
only  as  io_  Time  or  Extenfion.  Sleep  is  the  Death 
of  th^  Brain  continuing  for  a  fhort  time,  while  in 
the  Interim  the  Cerebellum  continues  vigilant  and 
affive  ;  but  when  the  Cerebellum  alfo  fleeps,  or 
ceafes  from  Action,  it  produces  a  perfect  Death  of 
the  whole  Animal. 

This  is  a  ftatc  of  tne  common  Senfory,  in 
which,  with  refpedt  to  the  Solids,  the  Nerves  in 
their  Origin  readily  receive  their  fpirituous  Fluid 
or  Juice,  and  eafily  permit  the  fame  to  pafs 
through.  But  with  refpeft  to  the  Fluid  itfelf  Vi¬ 
gilance  may  be  faid  to  confift  in  a  ready  and  plen¬ 
tiful  Flux  of  the  Nervous  Juice  fecerned  from  the 
Blood  of  the  carotide  and  vertebral  Arteries  fent 
into  the  Origin  of  the  Medulla  and  Nerves  fo’plen- 
tifully  and  freely,  as  to  be  molt  fit  for  Motion  to 
be  eafily  determined  according  to  the  Variety  of 
external  and  internal  Impreffions.  On  the  other 
hand.  Sleep  with  refpedt  to  the  Solids  confifts  in  a 
Compreffion  or  collapfing  of  the  fmaller  Veffels  of 
the_  Brain,  f0  that  they  are  not  able  to  tranfmit 
their  Juices  ;  but  with  refpeft  to  the  Fluids  Sleep 
follows  when  the  Matter  or  Humours  forming 
Spirits  do  not  flow  to  the  cortical  Parc  of  the  Brain 
or  when  the  lame  Spirits  are  not  there  leparated  or 
elfe  when  they  are  not  continually  fent  into  the’be- 
gitining  of  the  Medulla.  '  j  h 
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3  I  have  frequently  fpent  whole  Hours  in  ob- 
ferv.ing  the  appearances  of  Sleep  in  Children  and 
innocent  People,  and  have  by  that  means  accu¬ 
rately  remarked  all  the  Changes  by  which  they 
fall  into  a  Sleep  from  being  awake. 

4  A  Perfon  who  is  fleepy,  but  not  yet  fallen  into 
a  Sleep,  has  his  Hearing,  Sight,  and  other  Senfes 
more  dull,  next  the  Attention  ceafes  ;  afterwards 
the  Memory  and  other  Paflions  of  the  Mind  be¬ 
come  weak,  the  Thoughts  and  reafoning  are  inter¬ 
rupted  or  confufed  from  what  they  were  before  ; 
fo  that  the  Ideas  are  confufed,  and  by  degrees  their 
Connexion  broke. 

5  The  firft  degree  of  Sleep  beginning  is,  that  we 
yet  remain  confcious  that  we  are  going  to  Sleep  ; 
for  Sleep  itfelf,  as  fome  of  the  Antients  have  well 
obferved,  takes  hold  of  thofe  who  fly  from  it, 
and  flies  from  thofe  who  follow  it ;  for  no  Perfon 
ever  obferved  in  himfelf  in  what  manner  he  began 
to  fleep. 

6  People  think  they  are  doing  nothing  when 
they  fit  flill,  when  at  the  fame  time  they  labour 
incredibly  hard.  But  this  Opinion  arifes  from  ufe. 
Muficians  who  have  nothing  more  before  them 
than  fixteen  Notes  or  Marks  upon  the  Lines  of  Mu- 
fic,  are  by  them  only  determined  to  each  Key 
after  which  their  expert  Fingers  move  with  fo  great 
a  Velocity  that  they  do  not  miftake  one  Note,  nor 
yet  do  they  know  that  they  agitate  fuch  an  infinite 
number  of  Mufcles.  For  all  the  Mufcles  of  the 
Back,  namely,  the  Sacrolumbales  longifTimi,  Semi- 
fpinales,  and  others  of  the  like  kind,  are  employ¬ 
ed  in  erecting  the  Body.  Nor  is  the  Head  fu- 
ftained  but  by  the  A&ion  of  many  Mufcles,  which 
ceafing  at  the  time  of  Sleep,  the  Head  inclines  for¬ 
ward.  The  fame  is  alfo  true  with  refpedt  to  the 
lower  Jawo  Therefore  the  fecond  degree  of  Sleep 
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is  an  infuperable  Refinance  of  the  Mufcles,  which 
obftinately  refufe  to  continue  their  A&ion  ;  fo  that 
the  Eye-lid,  for  inftance,  cannot  be  fuftained  by 
the  ftrongeft  influence  of  the  Will,  though  in  the 
Time  of  waking  it  was  moved  without  the  leaft 
Senfe  j  alfo  the  weight  of  the  Head  and  lower  Jaw 
feems  great  to  a  Perfon  who  is  inclined  to  Sleep, 
though  it  be  not  at  all  perceived  at  the  time  of 
Vigilance.  In  Sleep  therefore  the  animal  Spirits 
feem  to  be  rendered  unfit  for  Motion  in  the  com¬ 
mon  Senfory. 

7  They  become  flaccid,  paralytic,  or  immove¬ 
able  •,  in  which  they  differ  from  a  Cramp  or  Teta- 
nos  which  is  joined  with  a  Rigidity.  Such  a  flac- 
cidity  of  the  Mufcles  is  a  molt  certain  fign  of 
Sleep. 

8  This  is  a  wonderful  providence,  fince  no  part 
of  the  Body  is  more  in  danger  during  Sleep  than 
the  Eye,  which  is  required  to  be  perfe&ly  clear 
and  tranfparent.  Nature  has  therefore  placed  a 
fafe  guard  to  the  Eye-lids,  namely,  an  orbicular 
Mufcle,  and  has  fo  formed  the  Eye  that  we  can¬ 
not  be  able  to  go  to  Sleep  till  the  Lids  are  clofed. 
And  therefore  not  all  the  Mufcles  in  the  Body  are 
relaxed  at  tfie  time  of  Sleep  ;  for  the  Sphin&ers 
then  aft  the  moft  ftrongly,  that  is  to  fay,  the 
Sphinfters  of  the  Eye-lids,  Mouth,  Bladder,  and 
Reftum  are  contracted  in  the  time  of  Sleep. 

9  Infants  inclining  to  Sleep,  begin  firft  to  nod, 
the  Mufcles  of  their  Face  become  lax  or  plain,  the 
Lips  and  Cheeks  fubfide  as  in  Death,  and  the 
lower  Jaw  falls  down  ;  and  from  thefe  figns  only 
one  may  eafily  know  that  a  Man  is  inclining  to 
Sleep. 

10  I  have  frequently  obferved  People  falling 
afleep  in  fome  public  Place,  as  for  inftance,  at 
Church,  where  the  Eyes  firft  wink,  and  then  the 

Head 
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Head  nods  ;  at  which  awaking,  they  rife  up  a 
little  amazed,  and  hold  their  Head  Heady  ;  but  it 
is  not  long  beiore  they  Jet  it  flip  again.  Sleep 
ftealing  on  lb  that  the  Mufcles  cannot  fuftain  the 
Head,  becaufe  they  are  relaxed  ;  but  all  of  them 
are  not  relaxed  at  once,  becaufe  the  Head  inclines 
this  way  or  that  according  as  the  Mufcles  on  this 
or  the  ocher  fide  happened  to  be  lefs  paralytic  than 
the  reft,  lb  as  to  draw  the  Head  to  their  fide.  Nor 
is  it  long  before  the  Mufcles  of  the  Neck  are  alfo 
relaxed,  whence  the  Head  is  inclined  forward  *,  and 
this  is  a  Stage  differing  from  the  former.  Nor  is 
the  Will  capable  of  refilling  the  force  of  Sleep,  as 
Soldiers  know  by  lad  experience  when  they  are 
not  capable  of  ftiaking  off  Sleep  while  the  Enemy 
watchful  y  furrounds  them,  even  tho’  they  know 
that  they  purchafe  this  pleafure  at  the  expence  of 
their  Life.  All  this  irrefiftible  Power  of  Sleep  is 
very  well  expreffed  by  Virgil : 

Jamqtie  fore  mediam  cceli  vox  humida  metam 
Contigerat ,  placida  lax ar ant  membra  quiete 
Sub  remis  fuft  dura  per  fedilia ,  nautce  ; 

Cum  levis  cetheriis  delapfus  fomnus  ab  aftris 
Aera  dimovit  tenebrofum  &  difpulit  umbras. , 

— - —  — —  —  fuditque  has  ore  loquelas : 

Aquatee  fpirant  aurce ,  datur  bora  quieti ; 

Pone  caput ,  fejlofque  oculos  furare  labor u 
Ecce  Deus  ramum ,  Lethaco  rore  madentem , 

Vique  foporatum  ftygia  fuper  utraque  quajfat 
Pempora  :  cun  ft  antique  natantia  lumina  folvit . 

Vix  primos  inopina  quies  laxaverat  artus , 

Et  fuper  incumbens ,  cu?n  puppis  parte  revulfa , 
Cumque  gubern ado ,  liquidas  projecit  in  undas 
Prcscipitem ,  ac  focios  nequidquam  fcepe  vocantem . 

So 
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So  that  no  one  can  deep  with  their  Body 
ered,  for  the  Column  of  the  Spina  dorfi  is  held 
ftrait  by  the  conjund  Adion  of  an  infinite  number 
of  Mufcles,  the  power  of  which  being  abfent,  the 
whole  Trunk  collapfes.  And  foon  after,  if  fJch  a 
Perfon  who  is  about  Beeping  endeavours  to  Band 
upright,  he  will  accordingly  tumble  down  upon 
the  Floor.  r 

,  12  They  who  write  while  theY  are  awake,  as 
they  fall  afleep  perceive  the  Pen  flipping  out  of 
their  Hand.  Cranes  are  faid  to  keep  a  watch  to 
guard  again  ft  any  Alarm,  that  is,  one  of  the 
Block  Hands  upon  one  Leg  holding  a  Stone  in 
the  other,  fo  that  the  Stone  falls  and  keeps  the 
j*  atch-bird  awake  fo  foon  as  he  begins  to  fleep. 
When  the  Mufcles  ad  they  are  hard  and  turoid  • 
and  fuch  will  be  the  ftate  of  the  Mufcles  of  the 
Hand,  while  it  grafps  a  Stone  *  but  thofe  Mufcles 
grow  flaccid  and  foft,  when  the  Perfon  is  about  to 
fleep  and  let  the  Stone  fall. 

This  State  of  the  Brain  is  the  fame  as  in 
the  Man  at  Paris  mentioned  before  (§.  284.)  who 
had  his  Dura  Mater  naked  ;  for  when  any  one 
giving  a  Stipend  compreflfed  the  Brain  of  this  Man, 
he  began  to  grow  fleepy,  infomuch  that  the  Sleep 
became  profound  when  the  PrelTure  was  gradually 
mcreafed.  But  here  we  fpeak  of  that  perfed  Sleep 
which  ^ is  the  Image  of  Death,  in  which  therefore 
theie  is  caufe  impeding  the  Spirits  from  flowing 
into  the  Nerves,  whether  that  be  aconfequ ence  of 

a  Paucity  of  Spirits,  a  Stagnation  of  them,  or  an 
Inaptitude  to  Motion. 

For  the  ftrength  of  the  Pulfe  increafes  in 
bleep,  though  it  becomes  flower  in  number  •  for 
if  you  count  the  Number  of  Pulfes  in  a  Child 
while  waking,  and  compare  that  number  with  the 
Pulfes  made  in  the  like  fpace  of  time  during  Sleep, 
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they  will  be  found  fewer  in  Sleep,  but  more  equa¬ 
ble,  full  and  ftrong  •,  and  from  this  fign  only  you 
may  know  that  a  Child  is  fleeping  in  the  Cradle, 
even  though  you  ufe  no  other  Senfe.  In  a  Phrenzy, 
when  a  Patient  begins  to  incline  to  Sleep,  one  may 
be  able  to  judge  of  the  Force  of  the  diforder  by  the 
Pulfe  *,  for  when  the  Pulfe  is  larger,  ftronger  and 
flower  than  in  the  time  of  waking,  the  Sleep  will 
be  ferviceable  ;  but  if  the  Pulfe  is  quicker  and 
weaker,  the  Sleep  will  be  but  ftiort  and  of  no 
fer  vice. 

The  moft  profound  Sleep  is  a  perfefl  Apo¬ 
plexy,  in  which  the  Pulfe  is  ufually  exceeding 
ftrong,  infomuch  that  the  Vital  Powers  appear 
ftronger  a  little  before  Death  in  an  apople&ic 
Patient,  than  they  were  ever  obferved  in  the  fame 
Perfon  in  Health.  At  the  fame  time  they  are  hot, 
look  red,  and  fweat  all  over,  the  more  as  the 
Sleep  is  profounder.  In  an  Apoplexy  therefore, 
and  in  Sleep,  the  Force  of  the  Heart,  Arteries  and 
Veins  is  increafed. 

16  A  fleepy  Perfon  may  be  eafily  known  from 
the  manner  of  his  breathing  ♦,  for  he  breathes  more 
deep  and  flow  with  a  kind  ol  audible  Sound ;  where¬ 
as  we  do  not  hear  the  breathing  of  a  Perfon  who 
is  awake,  as  we  do  in  Sleep  from  the  ftrong  De- 
preflaon  of  the  Diaphragm  and  Elevation  of  the 
Ribs.  Hence  in  Sleep  the  Perfpiration  feems  to 
be  moft  perfectly  carried  on  ;  but  wrhen  the  lame 
is  increafed,  it  becomes  audible,  and  produces  a 
kind  of  Snoring  like  that  which  the  Bronchia 
yield  in  a  fatal  Apoplexy,  and  which  is  a  certain 
lign  of  Death.  But  even  a  moft  profound  Sleep 
is  nearly  related  to  an  Apoplexy. 

17  All  the  vital  Functions  are  ftronger  in  a  Per¬ 
fon  who  is  fleeping,  and  are  more  perfectly  exer- 
ciled,  namely,  the  Concodion  of  the  Stomach,  the 

periftaltic 


petiftaltic  Motion  of  the  Inteftines,  the  Secretion 
of  the  inteftinal  Juice,  of  the  Bile  and  pancreatic 
Juice,  with  Alterations  of  the  Blood  in  the  Lungs, 
Heart  and  Arteries,  the  feveral  Secretions  and  A f- 
fimilations,  which  are  all  better  performed  in  Sleep 
than  in  Vigilance.  All  the  Veffels  are  therefore 
well  difpofed,  except  thofe  which  are  fubfervient  to 
the  animal  Faculties  and  Fun&ions,  while  thofe 
which  depend  upon  the  Equability  of  the  Circula¬ 
tion  are  better  performed  in  Sleep,  excepting  the 
Functions  of  the  Brain  and  Nerves. 

18  The  Separation  of  one  Liquor  from  another, 
and  the  Secretion  of  diffimilar  Parts  from  the  ho¬ 
mogeneous  Blood. 

‘9  When  the  Humours  are  moft  equably  diftrt- 
buted  and  applied  to  all  the  Veffels  in  the  human 
Body. 

10  This  Diftribution  proceeds  from  the  Arteries, 
whofe  Motion  depends  always  upon  the  equable 
Force  of  the  Heart ;  but  the  Equability  of  that 
Force  is  often  interrupted  by  the  Mufcles ;  and 
therefore  it  becomes  more  agreeable  when  they  are 
at  Reft. 

11  Nutrition  firft  requires  a  Preparation  of  the 
nutritious  Matter,  and  afterwards  a  Diftribution 
of  it  when  prepared,  that  it  might  be  applied  to 
the  folid  Parts  and  firmly  adhere  to  them.  All 
thefe  Circumftances  are  beft  executed  in  time  of 
deep,  which  therefore  reftores  the  Limbs  which 
had  been  fatigued  with  daily  Labour. 

12  In  a  Perfon  who  is  fleeping  many  Actions 
ceafe,  and  yet  the  greateft  Heat  is  diffufed  through¬ 
out  the  Body ;  for  every  Perfon  is  warm  while 
fleeping,  even  though  they  were  cold  when  they 
firft  compofed  themfelves  to  fleep.  But  yet  I  do 
not  affirm-  that  all  the  Humours  are  moved  more 
ftiongly  than  in  the  time  of  Vigilance ;  but  I  here 

fpeak 
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fpeak  with  regard  to  the  Veftels  and  Humours  of 
the  firft  kind,  and  of  the  Motion  of  the  latter  in¬ 
to  the  fmall  lateral  Veftels.  But  with  refpedt  to 
the  Humours  which  are  transferred  from  the  Ar¬ 
teries  into  the  Veins,  they  are  accumulated  in  thefe 
laft,  and  not  urged  forward  by  the  Adlion  of  any 
of  the  Mufcles  towards  the  Heart.  Hence  the 
Body  is  by  Reft  filled  with  Humours  ftagnating  in 
their  Veftels.  In  a  word,  the  Motion  of  the  Hu¬ 
mours  in  the  firft  Series  of  Veftels,  that  is,  in  the 
fanguiferous  Arteries  and  Veins,  with  their  Ap¬ 
pendages,  the  Sinus’s  and  Auricles,  is  more  accele¬ 
rated  during  the  time  of  Sleep  than  Vigilance ; 
but  in  the  ferous  Veftels,  the  Lymphatics  and 
Nerves,  the  Circulation  is  little  or  nothing  at  that 
time.  But  the  Heat  of  the  Body  is  increafed  by 
the  Attrition  of  the  Humours  augmented  in  the 
large  Veftels ;  for  this  Attrition  is  the  foie  Caufe 
of  animal  Heat  •,  and  the  Heat  of  the  Body  is  di- 
minifhed  in  proportion  to  the  Lofs  or  Confumptioh 
of  the  red  Blood.  Hence  therefore  the  Blood  only 
is  accelerated  during  the  time  of  Sleep,  while  the 
reft  of  the  Humours  circulate  more  fiowly  than 
when  a  Perfon  is  awake. 

23  A  Perfon  awakes  by  a  Commotion  excited  in 
the  common  Senfory,  which  was  before  at  reft ; 
whether  that  Commotion  is  excited  by  an  external 
or  an  internal  Caufe. 

When  an  intenfe  Light  illuminates  the  Eye, 
or  when  a  great  Noile  affects  the  Ear,  or  the  like 
Impreftion  powerfully  moves  our  Senfes.  Sleep 
therefore  terminates  when  the  external  Senfes  begin 
to  perform  their  proper  Offices ;  and  this  happens 
when  the  external  Nerves  are  powerfully  irritated 
by  the  Obje£ts,  and  by  that  means  ftrongly  prefs 
back  the  Spirits  in  the  Nerves  towards  the  common 
Senfory. 


The 
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1!  The  general  Caule  of  our  awaking  is  that 
fome  Part  of  the  Body,  (for  Inftance,  the  Back  or 
Side  which  has  been  lain  upon  for  fix  Hours)  is  half 
inflamed,  from  whence  an  uneafy  Senfe  arifes. 
Otherwile  the  Stimulus  of  difcharging  the  inteftinal 
Faxes,  or  evacuating  the  Bladder,  or  elfe  of  fpit- 
ting  freely  to  clear  the  Lungs,  or  by  a  freezing 
which  expels  the  Humours  of  the  Noftrils. 

16  It  is  commonly  believed  that  we  awake  naturally 
only  from  Cuftom  or  Ufe,  becaufe  the  Spirits  are 
recruited  within  a  definite  time,  fo  as  to  diftend 
the  nervous  Tubes,  But  I  much  doubt  whether 
the  Mind  ever  awakes  fpontaneoufly  of  itfelf ;  I 
fay  fpontaneoufly,  while  the  Mind  continues  in  the 
lame  Difpofition  in  the  Body  as  it  was  while  afleep, 
the  Sleep  ending  without  any  new  Adtion  excited 
in  the  Mind  ;  and  therefore  I  doubt  whether  a 
Perfon  awakes  merely  from  the  renewed  Quantity 
of  Spirits  without  any  external  Caufe  or  other  Sti¬ 
mulus,  I  have  made  fome  furprifing  Experiments 
with  regard  to  this  both  in  myfelf  and  in  other 
Animals.  The  more  a  Perfon  fleeps,  the  greater 
is  the  Inclination  to  fleeping.  One  who  fleeps  but 
a  Angle  Hour  beyond  his  ufual  time,  will  be  fleepy 
all  that  Day.  A  very  rich  Youth  who  went  from 
Leyden  to  take  up  his  Title  of  Nobility,  havino- 
over-drank  himfelf,  was  ordered  by  the  Prince  to 
be  carried  from  the  reft  of  the  Courtiers  into  a 
fllent  and  dark  Place,  where  he  flept  three  Days 
and  three  Nights ;  for  whenever  he  awoke,  be¬ 
lieving  it  to  be  the  middle  of  the  Night,  he  re¬ 
turned  to  fleep  again.  I  faw  a  certain  Phyfician 
of  fome  Learning,  who  took  a  wonderful  Delight 
in  fleeping :  he  by  retiring  into  a  dark  and  filent 
Place  flept  fo  perpetually,  thac  having  loft  his  In¬ 
tellects,  he  penfhed  ftupid  in  an  Hofpital.  This 
unfortunate  Gentleman  was  captivated  with  an 
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Opinion,  that  Sleep  was  ufeful  to  him,  and  there¬ 
fore  paffed  many  Days  in  Sleep  *,  but  when  he  was 
awaked  the  firft  time  by  his  Friends,  it  was  evi¬ 
dent  he  had  loft  much  of  his  Learning  ;  and  by 
repeating  again  his  profufe  Sleeping,  he  became 
at  length  quite  ftupid. 

Namely,  an  Animal  placed  in  a  dark  Room 
where  there  is  no  Light  nor  the  leaft  Noife,  has 
been  obferved  to  fleep  perpetually.  Many  Ani¬ 
mals  deep  the  whole  Winter.  Weafels  of  various 
kinds,  Foxes  and  Beavers  betake  themfelves  to 
Sleep  at  the  Approach  of  the  Winter’s  Cold  •,  and 
thus  they  continue  till  they  awake  in  the  Spring. 
Many  Particulars  have  been  colle6led  by  Fortunius 
Licetus  with  regard  to  this,  in  his  Treatife  of  Ani¬ 
mals  which  live  a  long  time  without  Food  or  Air. . 
Dogs  well  fed  and  ufing  no  Exercife,  fleep  quietly 
almoft  Day  and  Night. 

z8  A  Dog  or  any  Perfon  of  our  own  Species  be¬ 
ing  fuddenly  awaked,  is  always  in  a  manner  con- 
vulfed  by  the  fudden  Influx  of  the  Spirits  into  the 
Mufcles,  which  continue  relaxed  during  the  whole 
time  of  Sleep  ;  by  which  means  they  are  fuddenly 
obliged  to  con  trad:. 

*9  As  the  Eye-lids  are  the  ftrft  which  collapfe  of 
become  paralytic,  fo  are  they  the  firft  of  the  Or¬ 
gans  which  are  excited  or  moved  upon  waking. 

3°  Not  only  Man  but  the  moft  ad:ive  Animals, 
fuch  as  the  Lionj/  Tyger,  and  Leopard  who  fleep 
in  Dens,  ftretch  all  their  Limbs  as  fbon  they  awake* 
and  then  recover  their  former  Strength.  By  this 
means  the  Spirits  feem  to  be  reftored  to  their  free 
and  equable  Courfe  through  the  Nerves  of  the 
Limbs* 

**  The  Vigour  of  the  Senfes  does  not  return  al¬ 
together  and  at  once  ;  for  even  the  ftrongeft  Ani¬ 
mals  are  much  weaker  by  long  watching#,  and  may 

be 
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be  eafily  overpowered  in  their  firft  Endeavours  to 

rife  up  from  Sleep. - From  this  whole  Hiftory 

u  is  evident,  that  to  recover  a  Perfon  from  Sleep 

toVigilance,  it  is  necellary  for  that  Impreflion  which 

conveyed  through  the  fenfitive  and  motive 

Nerves  to  pafs  to  the  Senfory,  and  reftore  the 

Vrgour  of  the  voluntary  Mufcles,  and  remoye 

Sleep.  Sleep  is  therefore  a  Reft  of  the  animal  Fa- 

CU  ,  °r  ^le  hiftruments  belonging  to  Senfe 
and  Motion. 

.  §•  591-  Sleep  is  occafioned,  promoted,  and 
increafed  in  us, 

1.  By  Eating  two  plentifully  of  the  more 

fohd'  tough  Aliments,  which  remain  alone 
time  in  the  Stomach.  ° 

2.  By  Drinking  plentifully  of  vegetable 
fermented  Liquors,  which  are  the  more  fom- 

mferous  in  proportion  as  they  abound  with  in- 
flammable  Spirits  2. 

3.  By  the  Ufe  of  Spices  3,  which  are  very 

P“n§’  ^ra8rant  and  fpirituous ;  to  which 
add  Saffron,  Clary  4,  Sage,  and  the  like,  which 
yet  are  free  from  any  injurious  Acrimony. 

4.  By  the  milky  Juice  of  Poppies,  thevifeid 

Juice  of  Hounds-tongue,  and  the  Tuice  of 

6' or  ,he  Joice 

„  5-  %  Wearinefs  8  from  violent  Labour  fu- 
Itained  for  a  long  time. 

6.  By  a moll  quiets  Difpofition  of  Mind 
while  at  the  fame  time  the  Body  is  perfectly 

v  z 
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7.  By  Excefs  of  Heat 1 0  or  Cold 1 1  too  much 
increaied,  whether  proceeding  from  fome 
common  Caufe,  or  from  the  particular  Temper 
rature  or  Age  12  of  the  Perfon. 

8.  By  all  fuch  Caufes  as  hinder  the  Protru - 
fion  *3  of  the  vital  Blood  into  the  cortical  Part 
of  the  Brain,  impede  the  Courfe  of  the  fame 
through  its  Veffels  in  that  Part,  and  confer 
quently  obftruCt  the  neceffary  Secretion  *4  of 
the  Spirits  thence  depending,  with  the  Deri¬ 
vation  of  them  into  the  Nerves,  Organs  of 
Senfe,  and  voluntary  Mufcles  \  and  alfo  im¬ 
peding  the  Return  lS  of  thofe  Spirits  from  thefe 
ieveral  Parts  towards  the  common  Senfory: 
hence  it  may  be  from  too  profufe  Evacuati¬ 
ons  l6,  a  phlegmatic  l7  Difpofition  of  the  Hu¬ 
mours,  or  too  much  Fat  18  urging  the  Hu¬ 
mours  inward,  a  Plethora  compreffing  the 
fmalleft  V eflels,  Wounds  l9  of  the  Brain,  an  In¬ 
flammation™  of  it  or  Abfcefs  there  formed,  an 
Extravafation  of  Humours  under  the  Cranium 
of  the  Brain,  a  Comprefliire  21  thereof,  th tLoJsof 
Subjlance 22,  a  Putrefaction  ;  and  many  Acci¬ 
dents  of  the  like  nature,  which  if  they  do  not 
injure  the  Cerebellum  23,  produce  Sleepinefs  and 
Stupidity  without  interrupting  the  vital  Fun¬ 
ctions. 

1  If  the  Stomach  is  filled  with  Flefh -broth,  you 
will  not  fleep  *,  but  if  inftead  of  that  it  is  filled 
with  Beef,  it  will  render  a  Perfon  perfectly  fieepy. 
And  this  is  faid  to  arile  from  the  Prefiiire  of  the 
diftended  Stomach  upon  the  defcending  Aorta; 
but  it  may  pofiibly  be  from  the  Ailments  more 
ftrongly  affeCting  the  nervous  Papilhe  of  that  Or¬ 
gan,  fo  as  to  caufe  a  Derivation  of  the  Blood  or 
.  .  Saints 
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Spirits  from  the  Head  or  animal  Organs  towards 
the  natural  or  chylopoietic  Vifcera  ;  whence  the 
former  will  be  weak,  and  the  latter  more  ftrono* 
and  inclined  to  Adion.  & 


2  Among  all  things  which  excite  a  fatal  Sleepi- 
nefs,  that  may  be  moil  certainly  produced  by  Spi¬ 
rit  of  Wine,  which  if  drank  in  too  large  a  Quan¬ 
tity,  produces  fudden  Death,  as  I  once  obferved  in 
this  City  in  a  Man  who  made  Experiment  how 
much  he  could  bear,  but  in  fix  Hours  time  was 
taken  off  with  an  Apoplexy.  There  is  not  any 
kind  of  Drink  which  inebriates,  but  in  proportion 
to  the  Quantity  of  inflammable  Spirit  which  it 
contains  and  the  fooner  do  Liquors  fuddle,  as 
they  contain  more  of  this  Spirit.  But  the  greated 
Degree  of  Drunkennefs  always  produces  a  mod 
profound  Sleep,  a  Snoring,  and  an  Apoplexy  it- 
felf.  Thus  Hippocrates  has  formerly  obferved,  in 
the  fifth  Aphorifm  of  his  fifth  Sedfion,  that  thofe 
who  lofe  their  Speech  and  lie  without  Motion  in 
Drunkennefs,  die  of  an  Apoplexy  within  three 
Days  time,  unlefs  they  recover  their  Voice  within 
that  Space,  in  which  a  Crapfula  ufually  terminates  ^ 
namJy,  within  twenty-four  Hours,  or  elfe  they* 
will  be  taken  with  a  Fever. 

,  3  Among  the  Effeds  of  Spices  the  mod  confi- 
derable  is  a  Pungency  and  Bitternefs,  by  which 
they  heat  the  Tongue.  But  there  is  fcarce  any  of* 
them  more  bitter  and  warm  than  the  pured  Opium 
which  has  been  lately  brought  in  Tears  from  Mgypt^ 
which  is  the  true  Juice  diddling  from  Incifions 
in  the  Poppy* heads,  fo  greatly  in  requed  by  al- 
mod  all  the  Eaftern  Nations  or  Afiatics,  and  fo  fharp 
upon  the  Tongue  that  it  excites  almod  an  intole¬ 
rable  Heat ;  and  being  applied  to  the  Skin  like  a 
Plaider  raifes  a  Blider.  This  warm  or  fpicy 
Opium  therefore  and  fuch  like  Subdances  excite 
Sfeepa  I  have  been  told  by  Druggids  and  Gro- 

U  3  cersj, 
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cers,  that  when  they  have  received  large  Parcels  of 
ftrong  Aromatics  lately  arrived  from  dfta,  fuch 
as  Camphire,  Saffron,  or  the  like,  that  upon  fud^ 
denly  opening  them  both  themfelves  and  Servants 
have  been  invaded  with  an  almoft  infuperable 
Sjeepinefs.  When  new  Wines  are  racked  off  from 
one  Cafk  into  the  other  in  a  Vault,  all  the  Work¬ 
men  become  fleepy,  merely  from  the  Vapours; 
There  are  therefore  different  Caufes  of  Sleep,  be- 
fides  thofe  which  are  commonly  known  ;  for  thefe 
fpirituous  Subftances  all  excite  Sleepinefs. 

4  A  Perfon  will  be  fleepy  after  walking  amongft 
Clary  *,  and  the  fame  will  be  alfo  found  true  after 
walking  amongft  Bean- flowers  ;  in  fhort,  a  Per¬ 
fon  who  takes  a  Nap  in  the  midft  of  a  Bean- field 
will  become  ftupid. 

*  Namely,  the  wild  Lettuce,  having  the  virulent 
Smell  of  Opium,  according  to  Bauhine  ( odore  opii 
virofo^  X.  B.).  We  read  that  Botanifts  have  obfer- 
ved  that  People  have  been  killed  by  eating  Lettuce 
in  the  hot  Seafon  of  the  Year  in  Italy .  But  this 
fatal  Confequence  does  not  arife  from  the  common 
Lettuce  of  our  Gardens,  but  from  that  Italian  fort, 
which  being  broke  tranfudes  a  Juice  like  Milk, 
white,  and  fmelling  ftrong  like  the  Juice  of  Pop¬ 
pies  *,  and  which  Juice  being  taken  in  great  Quan¬ 
tities,  together  with  the  Plant  itfelf,  produces  ex¬ 
actly  the  fame  Effects  with  Opium. 

6  There  are  many  who  deny  Mandrake-apples 
to  have  this  Power,  and  there  are  fome  who  have 
fwallowed  thofe  Apples  publickly  ;  yet  the  gene¬ 
rality  of  Writers  enumerate  them  among  the  Tribe 
of  Narcotics.  However,  a  certain  Profeffor  at 
Paris  eat  one  of  thof?  Apples  in  the  public  Chair 
without  any  Detriment. 

«r 

7  More  efpecially  the  Solatium  or  Nightfhade  of 
the  Shops. 

•  —  -  ~Fi*o$n 
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8  From  Wearinefs  follows  the  moft  profound 
Sleep,  even  much  refembling  Death  itfelf.  I  havo 
known  fome  fo  much  fatigued  with  Labour  and 
long  Watching,  that  they  have  fallen  afleep  by 
the;  Sides  of  Mortars,  from  whence  they  fling 
Bombs  in  the  befleging  of  Cities  ;  nor  has  the  hor¬ 
rid  Noife  of  the  breaking  of  the  Shell  diflurbed 
them.  I  knew  a  certain  Gentleman,  otherwife 

•  v  - 

not  much  addiXed  to  Sleep,  who  taking  a  long 
Journey  on  Foot,  and  being  much  fatigued  with 
the  Summer  Heats,  flept  fo  profoundly  that  he  did 
not  hear  the  breaking  open  of  his  Chamber-door, 
$ior  the  tumultuous  Noife  of  People  in  his  Cham¬ 
ber.  Soldiers  being  wearied  out  by  Day  and  Night 
in  the  befleging  of  Cities,  learn  to  fkep  by  the 
Sides  of  the  Mortars,  from  whence  are  thrown  Iron 
Shells  full  of  combuftible  Matter.  -  >, 

9  This  has  been  well  exprefled  after  Homer  by 
Ovid  in  elegant  Verfe  ( Metamorph .  II.).  Certain 
it  is  that  when  a  Man  in  Health  is  placed  where 
none  of  the  Senfes  can  be  affeXed,  where  no  Light 
can  be  feen,  or  any  Noife  heard,  no  Uneafinefs  to 
irritate  the  Body,  nor  any  Care,  Reafonings,  or 
Reflexions  to  .difturb  the  Mind  ;  that. Man  will 
foon  fall  into  a  Sleep  whether  before  or  after  Din¬ 
ner  ;  or  even  though  he  flept  the  whole  Night  be¬ 
fore,  provided  no  ObjeX  or  Motion  of  the  Body 
excites  his  Spirits.  1  have  feen  Philofophers  in 
the  deepeft  Meditations  fall  into  a  Sleep,  unlefs 
the  falling  of  the  Book  in  which  they  were  reading 
excited  the  Spirits  to  Motion. 

10  Almoft  every  body  is  inclined  to  fleep  in  the 
Noon  Heats  of  the  fultry  Dog-days. 

11  There  is  not  any  kind  of  Sleep  more  fatal,  than 
that  which  proceeds  from  intenfe  Cold  ;  and  in 
this  manner  I  had  like  to  have  flept  in  the  Year 
1709,  going  in  company  with  a  Surgeon  in  a 

to  fee  a  Lady  who  had  broke  her  Leg  at  a 

U  4  Place 
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Place  two  Miles  diftant  from  Leyden ?  the  Winter 
being  extremely  fevere.  For  both  myfelf,  the 
Surgeon  and  Coachman  were  feized  with  fuch  a 
Sleepinefs,  accompanied  with  fuch  an  inexpredible 
pleafure,  that  they  would  certainly  have  fallen 
Victims  to  the  fatal  Pleafure,  if  I  had  not  been 
aware  of  the  Danger,  and  advifed  my  Companions 
to  get  out  of  the  Coach  and  dir  their  Blood  by 
walking  ;  by  which  means  the  Sleepinefs  was  fhook 
off,  and  every  one  came  to  himfelf.  They  who 
walk  through  the  Snows  in  the  molt  fevere  Cold, 
are  taken  with  an  almoft  infuperable  Propenlity 
to  deep  *,  but  if  they  give  way  to  the  fallacious 
Inclination,  they  will  deep  a  perpetual  Night  with¬ 
out  ever  waking  again. 

11  Old  People,  whofe  Heat  is  almoft  entirely  ex- 
haufted,  are  continually  deeping*,  and  at  length 
deep  into  Death.  On  the  contrary,  a  moft  in- 
tenfe  Fear  produces  a  Car  us,  and  Sleep  which  is 
no  lefs  fatal. 

The  excellent  Anatomift  Lrelincourt  having 
tied  down  a  moft  fierce  Dog  upon  his  Back,  unco¬ 
vered  the  Carotid  on  each  fide,  and  fixed  a  Liga¬ 
ture  upon  each,  whence  the  Animal  continually 
daggered,  and  fell  into  a  moft  profound  Sleep  ; 
but  when  the  Ligatures  were  taken  off,  the  Ani¬ 
mal  returned  to  his  former  State  of  Vigilance :  it 
therefore  follows,  that  the  intercepting  the  Courfe 
of  Blood  to  the  Brain  caufes  Sleep  ;  and  it  is  re¬ 
markable  that  the  Experiment  fucceeds,  though 
the  vertebral  Arteries  are  not  at  all  comprefied  by 
Ligature. 

Every  Caufe  which  comprefifes  the  cortical 
Part  of  the  Brain,  the  Impetus  extending  to 
the  Medulla,  infallibly  produces  an  Apoplexy. 
In  the  moft  ardent  Fevers  the  Patients  are  watch¬ 
ful  at  the  Beginning  of  the  Difeafe,  and  as  the 

Difeafe 


Difeafe  advances  they  become  delirious,  which 
Delirium  being  increafed  they  become  raving  with 
perpetual  Vigils,  and  at  length  perifh  with  a  Cams 
or  Apoplexy ;  namely,  a  continual  Sleep  joined 
with  a  moft  acute  Fever. 

's  When  all  the  Nerves  are  at  reft,  Sleep  eafily 
follows. 

16  Too  profufe  Evacuations  prove  fatal  likewife 
by  inducing  Sleep.  And  hence  it  is  that  in  Wounds 
accompanied  with  a  profufe  Haemorrhage,  a  de¬ 
ficient  Pulfe  and  Sleepinefs  are  very  bad  Signs. 
The  like  is  alfo  true  when  a  great  Portion  of  the 
Blood  is  in  a  manner  intercepted  from  the  Body 
by  fome  internal  Caufe.  In  Animals  killed  by 
cutting  the  jugular  Veins,  a  Snoring  and  Sleepi¬ 
nefs  follow,  which  is  intercepted  by  Convulfions. 

17  Such  a  phlegmatic  Difpofition  of  the  Blood 
as  accompanies  a  Leucophlegmatia,  and  which  is 
fucceeded  by  a  Lethargy.  I  faw  a  Profeflbr  in 
this  Univerfity  whofe  Blood  was  fo  thick  and  flug- 
gifti  that  he  was  almoft  perpetually  fleeping,  and 
chofe  to  be  rather  thus  continually  abfent  from 
Life,  than  td  be  truly  dead. 

18  The  more  corpulent  or  fat  a  Perfon  is,  the 
more  the  Arteries  and  Veins  which  lie  under  the  Skin 
are  comprefted  ;  and  therefore  in  fat  People  the 
Arteries  and  Veins  are  much  fmaller  than  in  thofe 
who  are  lean.  But  among  all  the  Parts  of  the 
Body,  the  Brain  only  contains  no  Fat,  and  remains 
free  from  being  comprefted  by  that  Subftance. 
Therefore  the  carotid  Arteries  will  remain  free 
while  the  other  Veflels  are  comprefted  ;  and  thus 
the  Blood  will  be  derived  with  a  greater  Force  to 
the  Cortex  of  the  Brain,  and  will  by  its  Preflure 
produce  continual  Sleepinefs.  I  have  leen  very  fat 
People,  for  whom  I  have  had  a  great  Efteem,  fill 
into  a  Paraplegia,  when  by  walking  in  the  Summer 

Heats 
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Heats  the  Fat-  has  been  fufed  and  forced  into  the 
Veffels  of  the  firft  Order  *,  from  which  Palfy  they 
have  been  cured  by  bleeding  and  purging  with 
Acids,  as  Cryftals  and  Cream  of  Tartar,  Gel 
About  two  Years  ago  {anno  1724.),  I  faw  a  Phy- 
Man  who  was  very  fat,  and  who  oppofed  or  rather 
increafed  an  imaginary  Plethora  by  repeated  bleed¬ 
ing,  till  at  length  he  arrived  at  fuch  a  degree  of 
Sleepinefs,  that  he  has  ten  times  fallen  afleep  in  the 
midft  of  his  Difcourfe  with  me.  I  perfuaded  him 
to  ufe  Salt  and  the  Effence  of  Wormwood,  by 
which  means  I  cured  him.  Such  People  as  thefe 
are  the  better  for  Cares,  Watchings,  Labours, 
Exercifes,  fpare  Diet,  acid  Drinks,  Vinegar, 
Spices,  &c. 

*9  Such  Wounds  as  extravafate  the  Blood,  whence 
follows  a  Compreffure  of  the  Dura  Mater  and 
Brain. 

10  In  the  Sepulchretum  Anatomicum  of  Bonnetm , 
we  are  furnifhed  with  Hiflories  of  People  differed 
after  dying  of  moil  acute  Difeafes  with  Sleepinefs. 
In  thefe  the  fmall  VefTels  in  the  cortical  Part  of  the 
Brain  generally  appeared  fluffed  full  with  red  Blood, 
which  in  a  healthy  State  they  never  admit. 

ai  In  Infants  the  eight  Bones  of  the  Skull  are  fo 
loofely  joined  together  by  Suture,  that  one  may 
eafily  comprefs  their  Brain  and  render  them  apo¬ 
plectic.  Women  fometimes  fecure  the  Heads  of 
Children  with  fuch  ftrait  Caps,  as  throws  them 
into  Convulfions  ;  and  if  the  Force  was  a  little 
more  violent,  they  would  be  deftroyed  with  an 
Apoplexy.  But  thefe  Diforders  are  eafily  remo¬ 
ved  by  removing  the  too  great  StriClure  from  their 
Head.  I  mentioned  the  Cafe  of  a  Woman  who 
had  loft  Part  of  her  Skull  before  at  §.  284. 

•  .  i]  ,  Drdincourt 
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**  Drekncburt  has  made  the  Experiment  upon 
Dogs,  who  after  their  Brain  had  been  cut  out, 
lived  without  Senfe  and  Motion  like  Vegetables. 

^  When  the  Cerebellum  is  affefted  in  the  fame 
manner,  as  the  Brain  is  affected  to  produce  Sleep, 
inevitable  Death  is  at  hand.  They  who  have  fud- 
denly  a  molt  fevere  Pain  of  the  Head  followed  with 
a  lofs  of  Speech,  perilh  of  an  Apoplexy  within  the 
fpace  of  three  or  feven  Days,  fays  Hippocrates, 
Upon  opening  the  Bodies  of  fuch  People,  among 
other  Caufes  Blood  has  been  molt  often  found  ex- 
travafated  from  fome  ruptured  VefTel  into  the  Ven¬ 
tricles  of  the  Brain,  fo  as  to  comprefs  its  Medulla. 
But,  as  we  obferved  before,  the  arched  Part  of  the 
Ventricles  is  the  common  Senfory  itfelf  (§,  568.), 
that  is  to  fay,  the  Beginning  of  the  whole  Medulla 
of  the  Brain  ;  no  wonder  therefore  if  Sleepinefs 
follows  from  a  Preffure  upon  this  primary  Origin 
of  all  the  Nerves.  But  when  the  extravafated  Blood 
penetrates  to  the  fourth  Ventricle  where  the  Ce¬ 


rebellum  lies  upon  the  Medulla  oblongata,  and 
inferts  its  own  Medulla  in  four  Places  into  the 
Medulla  of  the  Brain  ;  in  that  cafe  the  Medulla  of 
the  Cerebellum  is  alfo  comprefied,  the  Extremity 
of  which  Medulla  unites  itfelf  with  the  Medulla 
of  the  fourth  Ventricle  which  is  in  form  of  a  Pen, 
whence  Death  itfelf  follows.  In  a  word,  a  Com- 
prclTure  of  the  Brain  excites  Sleep,  and  even  the 
moft  profound  Sleep,  an  Apoplexy  ;  which  is  not 
curable  but  by  removing  the  Blood  which  com- 
preffed  the  Brain  •,  but  the  Cerebellum  being  com- 
prefled  occafions  a  perpetual  Sleep,  namely.  Death 
itfelf, 

§.  592.  Sleep  is  impeded  or  hindered, 

1.  By  a  continual  and  flow  Mixture  of 
"  warm  »  watery  Liquors  with  the  Blood. 
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2.  By  every  thing  which  is  (harp  or  capable 
of  vellicating' 2  the  Nerves  of  the  Brain, 

3.  By  ftrong  PaJJions  3  or  Affections  of  the 
Mind, 

4.  From  an  Irritation  of  the  Brain  itfelf, 
whether  from  an  external  or  an  internal  4 
Caufe. 

*  When  we  are  concerned  in  urgent  Bufinefs, 
Which  will  not  admit  of  being  interrupted  by  our 
Sleep,  nothing  will  more  certainly  keep  off  Sleep 
than  Abftinence  from  folid  Food,  with  the  drink¬ 
ing  of  flefh  Broths  to  the  quantity  of  an  ounce  or 
two  every  half  Hour ;  or  inftead  of  Broth,  Tea, 
Whey,  or  any  other  thin  Liquor  often  repeated. 
By  this  means  Sleep  may  be  drove  off  for  a  long 
time  ;  and  I  remember  that  by  thefe  means  Doctor 
Sberrard  continued  three  Days  and  Nights  without 
Sleep,  I  do  not  recommend  this  Secret  to  drive 
off  the  neceffary  Sleep  but  upon  extraordinary  Oc- 
cafions,  for  I  am  too  well  acquainted  that  by  this 
means  the  vital  Powers  are  infringed,  and  Life  it- 
felf  Shortened  or  rendered  more  calamitous ;  in  a 
word,  I  have  feen  the  fatal  Effects  of  being  de- 
flitute  of  the  natural  Sleep  in  many  of  my 
Friends. 

a  So  long  as  the  Spirits  in  the  Brain  are  agitated, 
Sleep  cannot  take  place.  So  long  as  any  acrid 
Matter  is  applied  to  the  Nerves,  it  continues  to 
affedt  the  Brain,  and  will  induce  Vigilance  till 
either  the  Nerve  is  deftroyed,  or  the  irritating 
Matter  removed.  In  Denmark  there  is  a  cruel 
kind  of  Torment,  being  a  kind  of  military  Pu¬ 
nishment,  in  which  the  Offender  is  obliged  to 
ftand  with  his  naked  Feet  upon  an  Iron  Bar  full  of 
Spikes  *  fo  that  when  he  falls  afleep,  he  runs  again# 
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the  Iron  Spikes  and  is  awaked,  till  a  new  Occafion 
of  fleeping  comes  on,  and  he  wounds  himfelf  again  ; 
and  by  this  Punifhment  He  is  obliged  to  confefs  the 
Truth.  The  Venetians  have  a  fevere  kind  of  Tor¬ 
ture,  in  which  the  Offender  is  included  in  a  Barrel 
befet  with  Spikes  on  the  infide ;  fo  that  on  which 
ever  fide  he  lies  he  will  be  wounded. 

5  For  thefe  Paffions  or  Affedtions  are  in ten fe 
Changes  in  the  common  Senfory,  fometimes  fb 
lafting,  that  the  Perfon  can  never  reft,  new  Mo¬ 
tions  continually  arifing  in  the  Mind ;  and  hence 
Watchings  arife  from  Anger,  Fear,  Defire  of 
Revenge,  Grief,  &c.  Thus  Ho?ner  polifhed  his 
Bed  by  thinking  upon  Ulyjfes ,  as  Women  are  ufed 
to  polifh  Metals. 

4  As,  for  Inftance,  from  a  flight  Inflammation 
of  the  Brain.  I  have  feen  Men  who  in  the  Begin¬ 
ning  of  acute  Fevers,  have  continued  without 
Sleep  for  the  fpace  of  feven  Days  and  Nights, 
efpecially  in  the  Beginning  of  a  Phrenzy. 

§.  593.  Sleep  therefore  is  that  State  1  of  the 
Medulla  of  the  Brain,  in  which  the  Nerves 
do  not  receive  fo  copious  and  ftrong  an  In¬ 
flux  of  Spirits,  as  is  required  for  the  Organs  of 
Senfe  and  voluntary  Motions,  to  exercife  their 
Functions  with  Eafe,  and  with  Expedition. 

*  It  rs  in  fhort  a  Reft  of  the  animal  Faculties,  by 
which  I  underftand  all  the  Senfes  and  voluntary 
Motions.  Watching  is  when  all  the  animal  Fa¬ 
culties,  namely,  the  feveral  Motions  and  Senfes  of 
the  Body  are  capable  of  being  readily  performed  ; 
or  it  is  that  Difpofition  of  the  Spirits  of  the  Nerves 
by  which  they  are  adapted  to  be  received,  tranf- 
mitted,  and  to  fill  the  Syftem  of  the  Nerves  re- 
.  .•')  fulting 
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{biting  from  the  Brain- only,  as  we  are  allured  by 
Experiment.  Ear  if  but  three  Ounces  of  Blood, 
are"  extravafated  from  a  ruptured  Apery  of  the 
Brain,  fo  as  to  comprefs  the  Dura  Mater,  in  that 
cafe  the  ACtion  of  the  Heart  will  remain  the  fame 
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or  become  ftronger,  and  the  Rcfpiration  will  be 
perfeCt ;  but  neither  will  the  Perfon  fee  nor  hear, 
perceive  or  imagine  any  thing,  nor  will  he  remem¬ 
ber,  judge  or  reafon,  nor  yet  move  any  of  the  vo¬ 
luntary  Mufcles,  nor  be  affected  with  any  Palhon 
of  the  Mind.  But  in  this  cafe  the  Brain  only  is.  af¬ 
fected,  and  from  its  being  affeCted  in  fuch  a  man¬ 
ner  does  Sleep  arife.  Natural  Sleep  therefore  fol¬ 
lows  when  there  is  fuch  a  phyfical  Change  or  Con¬ 
dition  in  that  Part  of  the  Brain,  which  is  the  Seat 
of  the  common  Senfory,  that  the  Spirits  or  Juices 
of  the  Nerves  ftagnate  or  become  perfectly  at  reft, 
whether  that  being  from  an  impeded  Secretion  of 
them,  or  from  fome  Change  in  the  Circulation.  In 
Sleep  therefore  all  the  A&ions  ceafe,  which  main¬ 
tain  the  Commerce  betwixt  the  Body  and  Mind  ; 
while  thofe  ACfions  only  are  continued  which  be¬ 
long  to  the  natural  and  vital  Humours.  Sleep 
is  therefore  an  AffeClion  of  the  Brain  exclufive  of 
the  Cerebellum ;  and  in  the  Brain  Sleep  may  be 
termed  that  State  in  which  the  Motion  of  the  Hu¬ 
mours  is  impeded  through  the  moft  fubtle  Veffels 
the  Nerves,  fent  from  the  Brain  to  the  Organs  of 
Senfe  and  voluntary  Motion.  Having  proceeded 
thus  far,  it  now  remains  for  us  to  determine  that 
State  of  the  Brain  from  whence  Sleep  arifes  alter¬ 
nately  during  Life. 

§.  594.  The  proximate  Caufe  therefore  of 
Sleep  is  perhaps  a  Paucity  or  Deficiency  1  in  the 
rnoft  fubtle  Spirits,  which  being  now  fpent  or 

exhaufted 
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exhaufted  require  a  long  time  and  great  Appa¬ 
ratus  to  prepare  and  recruit  the  fame ;  henci 

therefore  the  fineft  Veflels  being  emptied,  or 
not  fufficiently  replenilhed,  will  collapfe  for  a 
time ;  or  the  Preflure  of  the  grafter  *  Part  of 
the  Blood  upon  the  Cortex  of  the  Brain,  which 
every  way  inverts  the  Medulla,  may  be  fo  great 
as  likewife  to  comprefs  the  latter,  and  inter¬ 
cept  the  Courfe  of  the  Spirits  into  the  fame 
Medulla. 

*  When  the  Spirits  are  confirmed  in  a  certain 
proportion,  Sleep  follows.  This  Juice  which  we 
fometimes  call  Spirits  is  depofited  from  the  Cortex 
of  the  Brain  into  the  Medulla,  and  employed  as 
well  in  the  Nerves  of  Senfation  as  in  thofe  which 
go  to  the  Organs  of  voluntary  Motion,  in  which 
this  Juice  feems  to  be  exhaufted  or  fpent  in  a  given 
time ;  but  then  there  being  no  Fluid  capable  of 
entering  thefe  mod  minute  Tubes  to  fupply  the 
place  of  that  which  has  been  confumed,  in  confe- 
quence  of  that  follows  Sleepinefs.  For  there  is  a 
certain  time  deftined  for  every  Humour  in  the  Body 
to  be  feparated,  prepared,  and  perfected  from  the 
Chyle,  Blood,  Serum  or  Lymph;  as  there  isalfo 
a  certain  time  wherein  thofe  Juices  are  confumed, 
agreeable  to  the  Laws  of  the  animal  (Economy. 
From  a  certain  quantity  of  Aliments  in  a  given 
time  is  prepared  a  certain  quantity  of  Urine,  in* 
teftinal  Faeces,  perfpirable  Matter,  isc.  The  For¬ 
mation  of  the  Chyle  is  limited  to  a  certain  time,  as 
allb  is  the  Preparation  ot  Milk  from  thence,  with 
the  Formation  of  Blood  from  the  fame.  In  ovi¬ 
parous  Animals,  the  Albumen  of  the  Egg  is  fo  at¬ 
tenuated  within  the  Ipace  of  about  twenty  Days, 
not  much  fooner  nor  later,  by  the  Heat  of  the  fit- 
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ting  Hen,  that  from  the  Albumen  are  produced 
all  the  Members  of  the  Chick,  but  that  Liquor 
which  feems  to  be  contained  in  the  fmalleft  Veftels 
of  the  Brain  muft  confequently  be  the  moft  elabo¬ 
rated  of  all  the  Humours  in  the  Body.  For  in 
the  larger  Veftels  the  grofter  Humours  only  are 
contained,  namely,  in  the  fanguiferous  Veftels 
which  receive  the  Humours,  which  are  as  yet  the 
moft  remote  from  an  animal  Nature  *  namely,  the 
Chyle  is  received  into  them.  But  the  more  any 
Veftels  exceed  the  largeft  in  Smallnefs,  the  more 
fubtle  are  the  Liquors  which  they  convey  ;  fo  that 
in  the  fmalleft  Veftels  of  all,  that  Liquor  is  admit¬ 
ted,  from  whence  refults  all  the  Aftions  of  the  hu¬ 
man  Body,  and  whofe  Particles  are  fmall  enpugh 
not  to  exceed  the  Capacity  of  the  leaft  Veftels  of  the 
Nerves.  From  hence  we  infer,  that  to  the  Forma¬ 
tion  of  animal  Spirits,  all  the  Atftions  of  the  human 
Body  are  required  to  concur,  and  that  thofe  Spi¬ 
rits  are  generated  as  they  are  confumed  within  a 
certain  fpace  of  time  ;  and  from  hence  again  it 
follows,  that  there  muft  be  a  time  in  which  few 
or  no  Spirits  pafs  into  the  fmalleft  Veftels  from 
the  Blood  applied  to  the  cortical  Fabric  of  the 
Brain,  and  that  therefore  thefe  fmalleft  Veftels  will 
collapfe,  in  confequence  of  which  follows  a  Pro- 
penfity  to  deep.  Hence  it  follows,  that  the  more 
violently  the  Body  is  exercifed  by  the  voluntary 
Motions,  the  fooner  will  there  be  a  Necefiity  and 
Inclination  to  deep  }  and  from  hence  Sleep  is  faid. 
by  a  Proverb  of  Solomon  to  be  the  moft  pleaftng 
to  the  Weary  and  Poor.  Wearinefs  and  Sleep - 
follow  Exercifes  of  the  Body,  becaufe  the  moft 
fubtle  Juices  are  diftipated  by  the  Motions  of  the 
Mufcles.  Therefore  a  Perfon  who  in  Health  pre-1 
pares  only  fo  much  Spirits  in  the  fpace  of  twenty- 
four  Hours,  as  are  fufficient  to  k^p  him  waking 

fix  teen 
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fixteen  Hours,  he  will  require  fix  or  eight  Hours 
for  a  Ceflation  of  that  Diipendium  of  Spirits,  that 
the  Body  may  prepare  the  Matter  of  the  nervous 
juice  and  form  the  fame  into  Spirits  ;  fo  that 
thefe  fix  or  eight  Hours  are  required  for  Sleep, 
But  the  direct  time  necefiary  for  Sleep  cannot  be 
absolutely  determined,  fince  more  Sleep  is  naturally 
required  in  proportion  to  the  lofs  of  Spirits  during 
the  time  of  Vigilance. 

1  When  the  venal  Blood  is  mixed  with  many 
crude,  grofs  and  cohefive  Particles  which  have  not 
yet  been  fufiiciently  attenuated ;  or  when  a  great 
quantity  of  Chyle  is  fent  into  the  Veins,  Sleepinefs 
follows  from  a  Turgefcence  of  the  Vefifels  in  the 
Brain,  which  Sleepinefs  may  be  continually  remo¬ 
ved  by  opening  a  Vein.  Sanfiorius  has  obferved 
that  from  eight  Pounds  of  Aliments  taken  into  the 
Body  within  the  fpace  of  twenty-four  Hours,  five 
Pounds  of  them  exhale  by  infenfible  Perforation; 
But  the  Particles  which  are  thus  exhaled  muff  ne- 
cefiarily  be  fupplied  by  others  ;  and  therefore  when 
a  Perfon  fleeps  but  once  in  twenty- four  Hours,  he 
Will  become  fleepy  all  that  time  during  which  the 
crude  Chyle  mixes  with  the  Blood  after  Dinner. 
Hence  it  is  natural  for  Animals  to  fieep  when  they 
are  filled  with  Aliment.  No  Arteries  in  the  Body 
are  more  dilatable  from  the  Thinnefs  of  their 
Coats  than  thofe  of  the  Brain,  which  yet  are  re¬ 
filled  and  llrengthened  by  their  including  Cra¬ 
nium  (§.  234.).  When  therefore  the  Blood  fills 
the  Arteries  of  the  Pia  Mater  to  a  great  degree, 
they  will  take  up  a  larger  fpace,  and  confequently 
comprefs  the  other  Parts  of  the  Encephalon  into 
a  lefs  compafs  ;  and  hence  Sleepinefs  follows  from 
the  drinking  of  fpirituous  Liquors :  for  fuch  Li¬ 
quors  a  cl  upon  the  frhalf  Vefiels  of  the  Brain,  as 
Vapours  afcending  into  the  Head  of  a  Still,  name- 
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ly,  finding  no  Vent  they  caufe  a  Rupture.  Thus 
therefore  fpirituous  Liquors  rarify  the  Blood  in 
the  Brain  and  diftend  the  fmall  Arteries,  which 
again  comprefs  the  other  fmall  Veffels,  whence 
Sleepinefs  follows,  and  continues  until  the  Equili¬ 
brium  is  reftored  betwixt  the  fanguiferous  Veffels 
of  the  Brain  and  thofe  of  the  other  Parts  of  the 
Body.— Hence  then  we  infer,  that  the  natural 
Caufes  of  Sleep  are,  i.  A  Confumption  of  the 
moft  fubtle  Humour  of  the  Nerves,  not  fufficiently 
fupplied  during  the  time  of  Vigilance.  2.  The 
Mixture  of  new  and  crude  Chyle  with  the  Blood, 
which  renders  the  latter  more  thick  and  impervious 
through  the  fmall  Veffels  of  the  Encephalon.  The 
Romans  ufed  neither  Breakfaft  nor  Dinner,  but  Sup¬ 
pers  only,  after  which  they  ufed  to  compofe  them- 
felves  to  fleep,  which  they  extended  generally  to  a 
long  interval  of  time :  and  we  obferve,  that  Ani¬ 
mals  fearch  out  for  a  quiet  refling  Place  as  the 
Night  approaches,  having  firft  fupplied  themfelves 

with  new  Food. - Befides  thefe  Caufes  of  Sleep 

there  are  innumerable  other  preternatural  Caufes, 
fuch  as  a  Plethora,  a  Rarefaddon  of  the  Blood  in- 
creafing  the  Preffure  upon  the  Cortex  of  the  Brain, 
a  Leucophlegmatia,  &c.  which  do  not  fall  under 
our  Confideration  in  this  Place  ;  fince  we  here  en¬ 
deavour  to  explain  only  the  Caufes  from  whence 
the  alternate  Viciffitudes  of  Vigilance  and  Sleep 
follow.  Add  to  this,  that  the  Spirits  generated 
in  the  Brain  may  be  conceived  to  be  more  fubtle 
than  thofe  of  the  Cerebellum  ;  whence  a  greater 
Difpendium  of  the  former  may  be  required  to 
maintain  thefe  phyfical  Addons,  and  for  the  fame 
Reafon  too  the  former  may  be  fooner  exhaufted. 

§•  595.  The  Caufe  therefore  of  natural 
Sleep,  may  be  every  thing  that  can  produce 
thefe  two  Particulars,  (§.  594.)  §.  596, 
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§.  596.  From  hence  we  may  be  able  to  un¬ 
derhand  the  Effeds  of  Sleep,  during  the  time 
of  which  feveral  ASiions  1  of  the  Body  ceafe ; 

(§•  59 3’  ■^,To'  V  2>  3>  4’)  which  Organs  toge¬ 
ther  with  the  MuJ'cles  2  (§.  590.  N°  3  )  are 

in  a  State  of  Reft  j  the  Spirits  difficultly  yW  3 
through  them  (§.  593.),  and  are  therefore  lefs 
confumed  4,  while  at  the  fame  time  the  folid 
Fibres  both  in  the  I^erves  and  IVIufcles  receive 
little  Alteration  5  and  are  not  wore  away,  but 
an  Equilibrium  6  is  procured  in  all  the  Veffels 
throughout  the  Body ;  the  Humours  bein°- 
fent  through  the  Veffels  with  an  equable  Pref- 
fure  and  with  an  equable  Velocity  7. 

1  That  is  to  fay,  all  the  animal  Adions,  the 
five  external  and  internal  Senfes,  with  the  Motion 
©f  the  Mufcles  fubjeft  to  the  Influence  of  the  Will ; 
which  Adions  perfectly  ceafe  in  Sleep,  though  if 
we  compare  them,  we  lhall  find  that  they  require 
much  greater  Supplies  than  all  the  vital  Actions 
taken  together.  No  one  will  deny,  that  a  Horfe 
which  has  flood  twenty-four  Hours  at  Reft  in  a 
Stable  mull  fuffer  a  lefs  Motion  and  Confumption 
of  his  Organs,  than  if  he  had  been  runnino-  all 
that  time  with  fomebody  upon  his  Back.  The 
Adions  therefore  of  People  who  are  awake,  are 
much  more  weighty  and  numerous  than  the  vital 
Adions  of  thofe  who  are  fleeping  ;  and  therefore 
moft  of  the  Adions  of  the  human  Body  ceafe  du- 
ring  the  time  of  Sleep.  Even  a  Perfon  cannot  fo 
mucn  as  fpeak  but  the  Blood  will  be  agitated  more 
fwifdy,  and  therefore  they  who  pronounce  aloud 
with  a  quick  and  clear  Voice,  are  by  that  means 
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as  much  fatigued  as  if  they  had  been  running. 
We  may  even  become  too  hot  by  too  intenfe  and 
profound  Meditation.  But  all  thefe  Aftions  which 
make  up  the  greater  Part  of  thofe  which  employ 
human  Life,  ceafe  during  the  time  of  Sleep. 

a  All  the  Mufcles  which  are  tenfe  and  in  Afbion 
while  we  are  awake,  are  flaccid  and  at  Reft  du^ 
ring  the  time  of  Sleep.  Even  the  moft  common 
Oblervations  teach  us,  although  they  are  neglected 
from  their  Familiarity  and  Eafmefs,  that  the  Muf¬ 
cles  of  the  human  Body  are  always  in  Aft  ion 
when  we  are  not  afleep.  You  would  perhaps  be¬ 
lieve  that  a  Man  does  not  labour  when  he  ftands 
ereft,  becaufe  that  Action  is  fo  familiar  that  it 
communicates  no  Idea  of  Force  to  the  Mind  ;  but 
at  the  fame  time  if  a  Perfon  ftands  with  his  Arms 
extended,  the  Action  will  be  found  very  violent 
and  painful :  for  then  the  Mufcles  of  the  Toes, 
Meta-tarfus,  Tarfus,  Legs  and  Thighs,  with  thofe 
of  the  Pelvis  and  Vertebrae  of  the  Spine,  from  the 
Os  facrum  even  to  the  Atlas,  with  thofe  of  the 
Head  and  Thorax,  all  operate  as  it  were  in  a  de^ 
terminate  manner  (§.  639. ).  That  they  do  thus 
aft  while  we  are  awake,  notwithftanding  our  In- 
fenfibility  thereof,  is  evident  from  obferving  the 
Pofture  of  the  Body  when  it  is  inclined  to  fleep  ; 
for  the  Mufcles  then  ceaftng  to  aft,  the  Body  in¬ 
clines  one  way  or  the  other,  and  the  Parts  collapfe 
ufually  into  the  moft  loofe  and  eafy  Pofture.  The 
Organs  of  the  Body  therefore  which  afted  while 
we  were  awake,  ceafe  from  their  Operation  during 
the  time  of  Sleep.  But  thefe  Organs  are  the  vo¬ 
luntary  Mufcles  which  become  flaccid  in  Sleep, 
and  do  not  tranfmit  their  Humours  as  is  ufual  in 
the  time  of  Vigilance. 

3  For  if  in  the  time  of  Sleep  the  animal  Spirits 
flowed  through  the  optic  Nerve  to  the  Retina,  or 

through 


through  the  auditory  Nerve  to  the  Veftibuluhl, 
there  could  not  be  the  lead:  Reft  either  in  the  com¬ 
mon  Senfory  or  in  the  voluntary  Mufcles ;  but  in 
Sleep  we  affirmed  that  the  Organs  of  Senfe  and 
voluntary  Motion  are  at  Reft,  and  therefore  the 
Caufe  which  ufed  to  move  thofe  Mufcles  does  not 
move  through  them  while  we  are  afleep.  In  a 
Perfon  who  is  awake  the  Arm  may  be  eafily  ex¬ 
tended  ;  but  fo  foon  as  that  Man  is  in  a  foft  Sleep, 
the  Arm  will  be  continually  pulled  down  by  its 
Weight  *,  and  therefore  at  that  time  that  Caufe 
ceafes  to  enter  the  Mufcles  which  rendered  them 
tenfe  and  ready  for  Contraction  ;  but  that  Caufe  is 
the  Will  or  Mover  of  the  Spirits  through  thefe 
Organs  of  Motion,  and  therefore  the  Spirits  them- 
felves  are  at  Reft. 

4  Nothing  will  exhale  nor  any  Part  be  prefled 
to  ACtion,  fince  there  is  no  new  Supply  of  Spirits 
received. 

5  It  is  an  univerfal  Law,  prefcribed  to  all  Bodies* 

that  the  feveral  continuous  Particles  or  Elements 
of  the  fame  Body  attract  each  other  ;  and  therefore 
the  Caufe  which  diftends  the  fame  Body  muft  di- 
ftraCt  the  elementary  Particles  from  their  Con¬ 
nection.  But  when  the  Caufe  of  Attraction  only  re¬ 
mains  while  the  diftraCting  Caufe  is  removed,  then 
the  Power  of  the  former  is  continually  increafed,  fo 
as  to  bring  thofe  adjacent  Particles  as  near  as  pof- 
fible  to  each  other  in  the  fame  Body.  Therefore 
the  Fibre  ot  a  Mufcle  which  is  free  from  ail  Di~ 
ftenflon,  will  reftore  itfelf  to  its  former  Shortnefs  * 
and  hence  a  Muicle  which  has  not  been  moved  for 
a  long  time  becomes  at  lafl:  immoveable.  Surgeons 
obferve  in  a  FraCture  of  the  Ulna,  that  if  the  Part 
affeCted  is  fecured  with  Drefllngs  and  Splints,  and 
not  moved  for  the  fpace  of  fix  Weeks  fuccefiively, 
ta  03  or* sVSfcig .  ,  after 
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after  removing  all  the  Bandages,  the  Flexion  of 
the  Cubitus  or  Elbow  will  be  then  found  impra&i- 
cable  •,  and  therefore  the  Mul'cles  concrete  together, 
merely  by  long  continued  Reft.  But  the  fmalleft 
Veflejs  not  being  diftended,  have  their  Sides  grow 
together  in  the  fame  manner,  fo  as  almoft  to  form 
foiid  Threads.  The  fame  Accident  may  alfo 
arile  from  the  Nerve  being  comprefted  by  the  Ar¬ 
tery. 

6  While  we  are  fleeping  there  is  an  Equilibrium  ' 
produced  betwixt  the  Heart  and  Blood-veflels  ;  for 
when  the  animal  Spirits  are  wanting  in  the  cortical 
Subftance  of  the  Brain,  the  fanguiferous  VefTels 
being  then  lefs  prefted  will  be  more  diftended  ; 
and  on  the  other  hand  the  medullary  or  nervous 
Tubuli  will  be  then  more  comprefted.  Therefore 
the  Influence:  of  the  Mind  upon  the  Heart  ceafes, 
while  all  the  Veflels  are  in  Equilibrium  with  ref- 
pe£t  to  the  Heart,  which  is  almoft  placed  in  the 
Center  of  Gravity  *,  and  therefore  as  the  Circula¬ 
tion  of  the  Blood  depends  entirely  upon  the  Heart, 
it  confequently  follows,  that  the  Motion  thereof 
muft  be  extremely  equable  during  Sleep.  But  in 
the  mean  time  in  what  Office  is  the  Mind  employ¬ 
ed  l  Whether  or  no  is  it  idle  ?  No  one  will  pre¬ 
tend  to  fay,  fince  the  Memory  does  not  a<ft  during 
perfect  Sleep.  When  we  are  inclining  to  fleep 
there  remains  as  yet  fome  Confcioufnefs  and  Me¬ 
mory  j  but  in  a  profound  Sleep,  there  does  not 
feem  to  be  the  leaft  remains  either  of  Memory  or 
Confcioufnefs. 

7  For  at  that  time  the  Blood  is  equally  diftribu- 
ted  to  all  Parts  of  the  Body,  and  every  Part  takes 
its  due  quantity,  agreeable  to  its  Magnitude  and 
Biftance  from  the  Heart. 

§.597.  But 


§,  597.  Bat  in  Sleep  the  Motion  of  the 
JJeart  1  and  Lungs,  with  the  A&ions  of  the 
Arteries  2  and  Vijcera  3  are  increafed  (§.  590, 
N°.  5,  6,  7.)}  nor  is  there  any  Change  or  De- 
ftrudtion  at  that  time  made  in  them  from  the 
A dtion  ©f  the  Senfes  and  voluntary  Motion  4 
then  ceafing  (§-.  590.  N°.  i,  2,  3,  4.);  and 
therefore  thefe  Effedts  follow  from  thofe  Acti¬ 
ons  which  immediately  depend  thereon,  and 
may  be  reckoned,  1.  A  ftronger  and  more 
equable  Circulation  of  the  vital  %  Humours 
through  the  Veflels,  which  are  then  more  free, 
lax  and  open,  without  being  impeded  by  the 
various  Contractions  of  the  Mu  idles;  hence 
therefore  the  Impulfe  of  the  Humours  into  the 
lateral  VeJJ'els  6  is  indeed  lefs  but  more  equable, 
and  the  Impulfe  of  them  through  the  larger 
Veflels  is  likewife  ftronger  and  more  equable ; 
thus  therefore  the  fmall  lateral  Veflels  will  be 
gradually  filled,  will  tranfmit  lefs  of  their  Hu¬ 
mours,  and  at  length  in  a  manner  quite  reft-  7 
or  ftand  ftill  with  their  contained  Fluids ;  the 
lateral  Follicles  8  or  Cells  of  the  adipofe  Mem¬ 
brane  will  be  filled  and  diftended  with  the 
more  flowly  moving  Oil  or  Fat  *  8,  as  will  be 
alfo  the  Follicles  of  the  feveral  Glands  with 
their  refpedtive  Juices ;  lo  that  at  length  the 
Circulation  continues  almoft  only  through  the 
languiferous  Veflels,  becoming  gradually  flow¬ 
er  and  at  laft  fcarce  perceptible,  if  Sleep  is  too 
long  continued  ;  and  in  the  mean  time  the  ac¬ 
cumulated  Fat  defends  the  internal  Parts  like 
•l:U  -  r  X  4  a  Balfam 
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a  Balfam  fpread  round  them,  and  affords  flow- 
ly  fome  fmall  Nourishment  9  when  there  is  ur¬ 
gent  Neceffity.  2.  In  moderate  Sleep  then 
the  Matter  of  the  Chyle  10  is  very  commodi- 
oufly  changed  into  Serum,  the  Serum  into  ftill 
thinner  Humours,  and  thofe  thinner  Humours 
into  the  Matter  of  Nutrition.  3.  The  Attri¬ 
tion  of  the  folid  Parts  which  {lightly  cohere 
together,  becomes  gradually  more  gentle. 

4.  The  Secretion  of  the  Skin  1 1  is  increafed, 
while  the  other  Secretions  are  diminifhed. 

5.  The  loji  Siihjlance  12  is  at  this  time  beft  re¬ 
paired,  fince  the  Humours  are  renewed  by  a 
continual  juft  and  equable  f3  Repletion,  and 
the  folid  Parts  l4  at  the  fame  time  are  beft  re¬ 
paired,  fince  the  Caufes  which  impede,  di- 
fturb,  or  deftroy  Nutrition  then  ceafe;  and 
in  the  mean  time  that  the  nutritious  Matter  is 
moft  happily  prepared,  there  is  an  Aptitude  in 
the  Veffels  to  receive  the  fame,  and  a  Difpofi- 
tion  of  the  Humours  to  enter  into  them,  while 
fthe  Caufes  which  apply  and  confolidate  the 
nutritious  Matter  at  the  fame  time  freely  a£t, 

6.  Hence  therefore  there  is  a  new  Production 
land  Accumulation  of  animal  Spirits  l5  or  at 
leaft  the  Matter  of  them  throughout  all  the 
Humours,  and  an  Accumulation  of  them  ip 
the  fmalleft  Veffels  which  are  thus  filled. 


1  That  the  Motion  of  the  Heart  is  increafed 
appears  from  the  Pujfe  (§,  5 go.)  and  increafed 
Heat  *,  but  the  Heat  of  the  Body  is  not  increafed, 
but  by  a  fwifter  Contraction  of  the  Heart  diff 
charging  more  Blood  in  a  given  time;  but  more 


Blood  cannot  be  expelled  from  the  Heart,  without 
more  being  received  and  conveyed  from  the  right 
Ventricle  to  the  left ;  nor  can  this  laft  be  performed 
without  a  fwifter  Protrufion  of  the  Blood  through 
the  Lungs,  which  mud  be  necefiarily  accompanied 
with  a  more  quick  Refpiration. 

*  The  Force  of  the  Arteries  is  that  Refinance 
by  which  they  oppofe  Dilatation  from  the  Heart, 
(§.  213.)  and  the  Meafure  of  their  Force  is  the 
lame  with  that  of  the  Impulfe  of  the  Blood  recei¬ 
ved  from  the  Heart  (§.  215.).  Since  therefore' 
the  Contraction  of  the  Arteries  is  equal  to  the 
Contraction  of  the  Heart,  it  follows,  that  increa- 
fing  the  Force  of  the  Heart  will  increafe  the  ACtion 
of  the  Arteries.  But  if  this  Argument  is  denied, 
and  you  fuppofe  the  Force  of  the  Heart  to  be  in- 
creafed  while  that  of  the  Arteries  remains  the  lame, 
thofe  Veffels  will  then  be  continually  more  and 
more  diftended  with  Blood  beyond  what  their 
Force  is  capable  of  propelling  ;  whence  after  a  few 
Pulfations  Death  itfelf  mull  follow.  If  then  the 
Force  of  the  Heart  is  increafed  in  the  time  of  Sleep, 
that  of  the  Arteries  mud  belikewile  increafed  pro- 
portionably ;  whence  it  follows,  that  the  ACtion 
of  all  the  Vilcera  upon  the  Blood  and  their  feveral 
Humours  will  be  increafed,  for  all  the  Vifcera  are 
compofed  of  mere  Arteries.  All  the  Caufes  there¬ 
fore  which  refult  from  the  ACtion  of  the  Heart 
and  Arteries,  will  be  ftronger  in  Sleep  than  du¬ 
ring  the  time  of  Vigilance. 

3  That  is  to  lay,  fo  far  as  the  Vilcera  are  moved 
by  the  vital  Powers ;  for  they  are  fubjeCt  to  a  very 
inconfiderable  Motion,  from  the  Influence  of  the 
Mind  by  the  Nerves.  The  animal  Motion  indeed 
exceeds  the  Motion  of  the  Humours  in  Sleep  j 
namely,  when  Farenheif s  Thermometer  defcends 
to  the  thirty-fecond  Degree,  Water  freezes ;  but 

if 
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if  it  falls  to  the  tenth  Degree,  all  Animals  then  ex¬ 
pire  if  they  deep  (without  any  Covering)  expofed 
to  the  external  Cold.  For  the  vital  Motion  only 
cannot  then  prevent  the  freezing  of  the  Humours. 
But  fuch  a  Degree  of  Cold  fatal  to  thofe  who  deep 
may  be  overcome  by  running  in  the  open  Air, 
or  by  other  violent  Exercifes  and  voluntary  Mo¬ 
tions  of  the  Body  ;  whence  it  follows,  that  the 
animal  or  voluntary  Motion  of  the  Body  generates 
a  greater  Heat  than  the  vital  Motion  only. 

4  Which  Motions  in  a  Perfon  who  is  waking, 
produce  a  great  Variety  of  Alteration  in  the  Add¬ 
on  of  the  Arteries  and  Veins;  but  which  have 
now  no  Influence  when  the  Addon  of  the  Heart 
only  continues.  In  Sleep  the  Adion  of  the  Heart 
continues  equally  the  fame,  to  which  the  Addon  of 
the  Arteries  correfpond,  together  with  the  Addon 
of  the  Vifcera,  which  are  all  compofed  of  Arteries. 
The  Application  therefore  of  the  Powers  of  the 
human  Body  to  aflimilate  the  crude  Juices  is  on  all 
Sides  increafed,  and  at  the  fame  time  rendered 
equable.  The  aflimilating  Powers  therefore  ad: 
mod:  when  the  other  Powers  are  at  Reft. 

*  Namely,  thofe  Humours  which  pafs  through 
the  Heart  to  the  Lungs,  from  thence  to  the  Ar¬ 
teries  and  Veins,  and  then  again  to  the  Heart  in  a 
continual  round ;  but  not  thofe  Humours  which 
flow  into  the  lateral  Veflels,  for  the  Motion  of 
thefe  is  almoft:  fuppreflfed  while  their  Impetus  is 
increafed. 

6  By  the  lateral  Veflels  we  intend  the  ferous  Ar¬ 
teries,  with  the  lymphatic,  perfpiring  and  nervous 
Veflels,  &V.  In  a  Perfon  who  is  fleeping  the 
Pulfe  and  Heat  increafe  *,  but  Heat  refults  from 
the  Addon  of  the  Veflels  of  the  firft:  Order,  that 
is  to  fay,  of  the  Blood- veflels  both  Arteries  and 
Veins,  from  whence  all  the  other  Veflels  derive 

their 
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their  Heat  •,  and  therefore  fince  Heat  is  increafed  in 
Sleep,  it  is  evident  that  there  is  a  greater  Aftion 
of  the  fanguiferous  V effete  at  that  time.  But  then 
the  Juices  which  are  conveyed  through  the  fmaller 
V effels  muff  neceffarily  ftagnate  in  the  time  of 
Sleep.  For  thefe  fmaller  Veffels  are  filled  by  the 
A6tion  of  the  fanguiferous  Arteries  and  their  Con¬ 
tents,  and  are  not  fo  much  moved  forward  by  the 
Adtion  of  the  Veffels  themfelves,  as  by  the  various 
Motions  of  the  adjacent  Mufcles  protruding  them 
towards  the  Heart:  For  while  we  are  fleeping 
the  thinner  Humours  continue  to  pafs  off  from 
the  fanguiferous  into  the  ferous  Arteries  ;  fo  that 
the  fanguiferous  Arteries  being  gradually  exhaufted 
in  Animals  that  fleep  whole  Months  together, 
towards  the  End  of  their  Sleep  the  Pulfe  is 
fcarce  perceptible.  Thus  the  Serum  is  derived 
from  the  fanguiferous  Veffels  into  the  fmaller  fe¬ 
rous  Veffels,  where  it  ftagnates  without  circulating. 
There  are  fome  who  believe  that  the  Serum  cannot 
thus  ftagnate  becaufe  it  is  propelled  forward  by  the 
fucceeding  arterial  Blood,  in  the  fame  manner  as 
the  Liquor  contained  in  one  Leg  of  a  Siphon, 
does  by  its  defending  Weight  raife  that  which  is 
contained  in  the  other  Leg.  For  all  the  Veffels  of 
the  Body,  fay  they,  may  be  compared  to  an  in- 
flecded  Tube  or  Siphon,  fo  that  the  Humours 
contained  in  one  Leg  cannot  defend  without  rai¬ 
ling  the  other ;  and  the  Liquor  contained  in  one 
Leg  may  caufe  that  in  the  other  to  defend.  But 
it  may  be  eafily  proved  by  Experiment  that  this  is 
without  Foundation.  Let  a  Perfon  fit  Hill  a  whole 
Day,  and  he  cannot  be  faid  to  be  truly  at  Reft, 
for  he  will  move  fometimes  one  Mufcle  and  fome- 
times  another ;  fo  that  in  that  State  of  fuppofed 
Reft  the  Humours  will  continue  to  be  propelled 
through  the  lateral  Veffels.  But  let  the  Perfon 

deep 
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fleep  in  the  lame  Chair  but  a  whole  Night,  he  will 
be  furprifed  in  the  Morning  to  find  his  Legs  fwelled 
as  in  a  Dropfy,  even  though  he  was  before  in 
Health  ;  but  by  walking  this  T umor  of  the  Legs 
is  fuddenly  difperfed.  Our  Humours  therefore 
ftagnate  in  the  fmaller  Vefifels,  not  fo  much  from 
their  Weight,  as  from  the  Deficiency  in  the  A&ion 
of  the  Mufcles  *,  for  want  of  which  the  Humours 
propelled  into  the  lateral  Vefifels  remain  there  ftag- 
nant  without  being  propelled  farther,  fince  they 
are  placed  farther  from  the  Power  of  the  Heart. 

7  The  Diftribution  continues  equable,  but  the 
grofs  red  Blood  cannot  pafs  into  the  ferous  Veflels, 
and  all  the  other  J uices  ftagnate  in  their  refpedlive 
Vefifels.  Hence  when  Sleep  has  been,  continued  a 
long  time,  the  Circulation  is  little  or  nothing,  ex¬ 
cept  through  the  fanguiferous  and  ferous  Arteries, 
and  fuch  as  cannot  be  comprefifed  as  having  no  ad¬ 
jacent  Mufcles,  namely,  the  Medulla  of  the  Brain 
and  Spina  dorfi.  Hence  Animals  which  I  have 
kept  in  large  Vefifels  for  feveral  Months,  1  have 
found  living  and  not  at  all  confumed. 

8  No  Animal  can  be  fat  fo  long  as  the  animal 
Motions  are  ftronger  than  the  vital  *,  but  Sleep 
renders  People  fat,  fince  none  of  the  Humours  are 
more  vifcid  than  the  Oil  or  Fat.  In  fleeping  Ani¬ 
mals  therefore  this  tenacious  Fat  will  be  depofited 
into  the  adjacent  Cells  of  the  adipofe  Membrane, 
till  at  length  the  Animal  is  buried  in  his  own  Fat. 

*  3  It  is  well  obferved  of  the  Poet  Martial , 
(lib.  13.  epig .  59  J  that  the  wild  Moufe  commonly 
called  a  Dormoufe  fieeps  all  the  Winter,  and  is 
even  fatter  at  the  time  when  it  receives  no  other 
Suftenance  but  from  Sleep.  Thefe  kinds  of  Ani¬ 
mals  towards  the  latter  End  of  the  Winter  have 
ficarce  any  Motion.  I  obferved  fomething  won¬ 
derful  in  the  Tortoife,  which  Animal  has  in  a. 
aeraohloa  manner 
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manner  four  Hearts  and  Lungs,  and  is  able  accord¬ 
ing  to  different  Circumftances  to  propel  the  Blood 
either  through  the  Heart  only  without  pervading 
the  Lungs,  or  through  the  Heart  and  Lungs  to¬ 
gether,  breathing  at  the  fame  time  according  either 
as  knifes  or  abflains  from  mufcular  Motion.  This 
has  been  well  confidered  by  the  excellent  Anatomill: 
Du  Verney ,  in  the  Memoirs  of  the  Royal  Acade¬ 
my,  arm .  1693.  p .  310.  Towards  the  Beginning 
of  Winter  the  Tortoife  buries  itfelf  in  the  Sand, 
fo  that  it  is  hard  to  difcover  where  it  lies  hid,  and 
thus  it  lives  without  Refpiration,  creeping  farther 
under  the  Earth  in  proportion  as  the  Cold  is  more 
fevere.  But  at  the  Return  of  Spring  it  by  degrees 
creeps  nearer  to  the  Surface,  and  at  length  comes 
out  of  the  Sand,  leaving  no  Marks  by  which  one 
can  trace  out  the  Place  where  it  lay ;  and  being 
thus  expofed  to  the  Air,  it  is  both  vigilant  and 
breathes.  But  even  the  more  a&ive  Animal  the 
Swallow  lies  dormant  without  Motion  five  Months 
in  the  Year ;  and  the  fame  is  alfo  true  of  Frogs. 
Likewife  the  Bear,  the  Badger  and  Dormoufe  pals 
the  whole  Winter  in  Sleep  without  Food.  But 
fince  in  thefe  Animals  the  adipofe  and  glandular 
Cells  are  not  emptied  of  their  Contents,  by  the 
Motion  of  the  Mufcles  ceafing  for  fo  long  a  time  ; 
therefore  Fat  is  accumulated  in  them,  and  thofe 
Diforders  frequently  produced  which  arife  from  a 
Diftenfion  of  the  Glands. 

9  Animals  which  fleep  a  long  time  do  at  lafl: 
prey  upon  their  own  Fat,  which  returns  into  the 
Blood  (§.  333.).  The  Bear  paifes  the  moft  fevere 
Winter  by  fleeping  in  his  Den,  where  he  at  Brft 
fleeps  and  fnores  very  foundly,  and  then  growing 
by  degrees  hotter,  he  fweats  out  a  kind  of  Oil, 
with  which  the  whole  Animal  is  bedewed  as  with 
Lard  ^  but  at  laft  the  Blood  becoming  more  acrid 

confumes 
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confumes  this  Lard,  till  at  length  the  warm  Seafon 
returning  awakes  the  Animal.  If  you  kill  this 
Bead  in  the  midft  of  the  Winter  in  his  Den,  he 
is  found  very  fat,  but  in  the  Spring  he  comes  forth 
from  his  Den  extremely  lean  and  almofl  like  a 
Skeleton.  JHence  therefore  it  is  evident  that  du¬ 
ring  the  firit  Part  of  this  Animal’s  long  Sleep  an 
Oil  or  Fat  is  feparated  from  the  Blood,  with  which 
the  Body  is  preferved  and  fupported  ;  but  at  length 
this  Oil  being  difTolved  and  returned  into  the  Veins, 
fupplies  the  Blood  inftead  of  Chyle. 

10  In  Sleep  the  Motion  of  the  Blood  is  increafed 
through  the  Arteries  and  Veins  of  the  firft  Order  ; 
by  which  means  efpecially  the  crude  Chyle  is  at¬ 
tenuated.  Hence  therefore  during  Sleep  the  Chyle 
is  converted  into  Milk,  Milk  into  Serum,  and 
Serum  into  Blood  ;  but  the  Blood  itfelf  is  at  the 
fame  time  attenuated  again  into  a  fecond  Serein, 
and  that  into  a  more  thin  Lymph  in  feveral  degrees 
of  Tenuity,  being  at  lad  elaborated  into  the  ani¬ 
mal  Spirits  themfelves.  This  Elaboration  is  alfo 
promoted  by  the  Atmofphere  of  warm  Vapours 
proper  to  every  Perfon,  which  is  retained  by  the 
Bed-cloaths,  and  being  returned  upon  the  whole 
Body,  warms  and  relaxes  like  a  vaporous  Bath. 

11  A  healthy  Perfon  deeping  eight  or  at  mod 
ten  Hours,  becomes  confiderably  lighter  than  if 
he  dept  not  fo  long  (§.  430.).  When  a  healthy 
Perfon  deeps  eight  Hours  he  will  not  perfpire 
much  during  the  fil'd:  five  Hours,  but  the  three 
lad  Flours  he  will  perfpire  copioudy,  and  will  be¬ 
come  much  lighter,  as  is  evident  to  the  Senfe  and 
by  the  Steelyard,  as  Sanfforius  has  obferved.  For 
the  crude  Humours  are  during  the  fird:  five  Hours 
attenuated  and  digested  by  the  repeated  Adlion  of 
the  vital  Powers,  fo  as  to  be  afterwards  eafily  ex¬ 
haled  during  the  lad:  three  Hours. 


During 
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11  Daring  Sleep  the  nutritious  Elements  or  Par- 
tides  are  equably  diftributed  to  the  feveral  Parte 
required  to  be  nourifhed. 

Xi  Men  and  other  Animals  fleep  with  their  Limbs 
inflefted  or  drawn  up,  by  which  means  the  Veffels 
are  comprefied  and  a  greater  Refiftance  is  made  to 
the  Circulation  by  increafing  the  Number  of  In¬ 
flexions  and  Angles  ;  whence  the  Attrition  and 
Heat  of  the  Blood  is  increafed.— But  when  Ani-. 
mals  are  hot  they  ftretch  themfelves  out. 

14  During  the  time  of  Vigilance  the  Addon  of 
the  Mufdes  extend  the  Nerves  and  Fibres  of  the 
Body,  comprefs  the  Blood-veflels,  &c.  (§.  402.) ; 
whence  Attrition  and  Laffitude  follow :  but  during 
Sleep  the  Vacuities  which  were  formed  in  the  time 
of  Vigilance  by  an  Abrafion  or  Diflocation  of  the 
nutritious  Particles,  are  again  filled  up  with  Parti¬ 
cles  like  the  former  (§.  445.).  The  time  of  Vigi¬ 
lance  therefore  deftroys  the  Body,  but  during  Sleep 
it  is  repaired.  After  the  Body  has  been  exercifed 
to  great  Wearinefs,  a  Pain  is  felt  throughout  the 
whole ;  but  if  then  laudable  Sleep  follows,  the 
Perfon  foon  after  perceives  himfelf  in  a  manner  re¬ 
newed  ;  namely,  in  the  Day-time  the  mufcular 
Fibres  labour  till  they  are  almoft  broke  afunder, 
from  whence  follows  that  Pain  and  Wearinefs  ;  but 
in  the  Night-time  by  Sleep,  the  Parts  are  equably 
replenifhed  and  repaired,  fo  that  the  former  Strength 
is  in  a  manner  recovered. 

11  A  Perfon  by  long  watching  confumes  a  great 
Part  of  the  moft  fubtle  Humours,  fuch  as  are 
adapted  to  diftend  the  moft  minute  Tubuli  of  the 
Nerves ;  but  then  during  the  fpace  of  eight  Flours 
Sleep,  there  is  little  or  no  Difpendium  or  Lofs  of 
thefe  Particles  ;  but  in  the  mean  time  a  Heat  dif- 
fufed  through  the  Body,  like  that  of  a  fitting  Hen, 
reftores  the  fame  quantity  of  the  like  fubtle  Hu- 

$:u  :  mours ; 
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^ours  ;  and  therefore  Sleep  ,is  neceflary  in  propor¬ 
tion  to  Exercife  (§.  594.)-  But  when  Sleep  is  oyer 
long  continued,  th^  Mtricles  by  too  much  Reft 
become  unfit  for  future  A6lion,  arid  the  whole 
Body  becomes  dull. 

,  t  v  -  .  >■.£  'ri  i,4  •?  Qitu,  ft*  t'J&f .  nib 

§.  598.  Every  Part  being  thus  recruited  by 
Sleep,  there  will  be  again  an  Aptitude  r  in  the 
Body  to  Vigilance,  and  an  IhdifpofitioH  to 
lleep  fo  that  an  exciting  Caufe  approaching 
the  Perfon  will  wake  again.  ^ 

*  Vigilance  therefore  does  not  always  follow 
Sleep  as  a  neceffary  Confequence  (§.  590.) ;  only 
the  Stock  of  Spirits  is  recruited,  and  if  anyftimu'- 
lating  or  exciting  Caufe  approaches,  the  Perfon 
will  continually  awake.  A  Comic  Author  in  a 
particular  Scene  introduces  with  Aurora  the  return¬ 
ing  Labour  and  Cares  of  the  Day,  which  are  ab¬ 
horred  by  the  Sun,  whofe  powerful  Rays  excite 
thofe  who  are  half  difeafed  and  in  Pain  and  calls’ 
them  to  the  Plough,  when  they  would  have  found 
a  Cure  for  all  their  Difficulties  if  they  were  but 
permitted  to  fleep  a  little  longer.  Sleep  itfelf 
therefore  does  not  awake  the  Patient,  but  it  fup- 
plies  or  provides  proper  Matter  in  due  quantity 
and  quality  fufficient  to  render  the  Perfon  vigilant 
when  he  is  awaked  by  fome  exciting  Caufe.  When 
a  Child  awakes  it  is  ufually  convulfed,  ftretches 
all  its  Limbs,  and  in  a  little  time  after  rubs  and 
opens  its  Eye-lids,  gapes  or  yawns  to  accelerate 
die  Blood  through  the  Lungs  into  the  left  Ventri¬ 
cle  of  the  Heart  *,  and  then  all  the  Mufcles  are  re¬ 
laxed  and  in  a  manner  opened,  by  which  they  ar$ 
fitted  to  be  fupplied  with  Spirits  fent  from  the  Brain* 
which  compleats  the  Vigilance  or  Awaking. 

miH  t  §•  599*  From 
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§.  599.  Frofn  hence  we  may  be  able  to 
give  a  Reafon,  why  a  Perfon  cannot  Sleep  with 
his  Head  hot  and  his  Feet  cold 1  ? 

Why  Drunkennefs 1  follows  from  fpirituous 
Liquors,  and  afterwards  Sleep  ? 

From  whence  proceed  Dreams  3,  and  from 
whence  walking  in  the  Sleep  ? 

Why  after  a  laudable  Sleep  confined  within 
the  fpace  of  eight  Hours,  the  Perfpiration  4 
is  twice  as  large  as  it  would  have  been  if  the 
lame  time  had  been  (pent  in  Vigilance  ? 

Whence  it  is  that  by  fleeping  too  long  s  the 
Head  becomes  heavy,  the  Senfes  dull,  the 
Memory  weak,  the  Body  cold,  phlegmatic, 
fat,  heavy,  or  unaftive  and  weak,  with  an 
Inaptitude  in  the  Mufcles  to  Motion,  and  an 
imperfeEl  6  Perfpiration  ? 

From  whence  Sleep  long  continued  7  may 
fupport  Life  for  a  confiderable  time,  without 
Food 8  or  Drink  ? 

Whence  it  is  that  after  a  laudable  Sleep  all 
the  Mufcles  are  ufually  expanded 9,  yawning 10 
is  repeated,  and  the  Sharpnefs  of  the  Judgment, 
Activity  of  the  Mufcles  and  Strength  of  the 
Nerves  return  ? 

Whence  it  is  that  a  Foetus 1  *  fleeps  always, 
that  Children  12  fleep  often,  and  growing  or 
young  People  more  than  adult  or  old  People  ? 

Laftly,  for  what  end  thofe  who  are  recover¬ 
ing  ‘3  from  violent  Difeafes  fleep  much  longer 
than  when  they  are  perfectly  well  ?  Why  we 
are  fleepy  after  Meals  *4,  and  adtive  before  *5, 
and  why  we  have  fo  large  a  Brain 1 6  ? 

?  They 
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1  They  who  go  to  bed  with  their  Feet  cold  and 
their  Head  hot  in  Winter,  never  fall  into  a  Sleep 
until  their  Feet  begin  to  be  warm.  There  is  a 
Hiftory  relating  to  this  Subjedt  given  us  by  Caro¬ 
lus  Pifo ,  who  when  a  Lad  ftudying  with  his  Com¬ 
panions  in  a  cold  Place  feveral  Days,  himfelf  and 
all  of  them  fell  into  violent  Catarrhs  and  Diforders 
of  the  Head  ;  namely,  becaufe  the  Circulation  of 
the  Blood  in  the  Head  was  increafed  too  much  by 
Vigilance  and  Meditation,  while  its  Motion  thro* 
the  Feet  was  impeded  by  the  external  Cold,  fo 
that  the  Blood  was  derived  from  the  contradfed 
Vefiels  of  the  Feet  towards  the  relaxed  Veflfels  of 
the  Head  *,  and  therefore  Sleep  could  not  follow, 
which  fuppofes  an  Equability  in  the  Circulation  of 
the  Blood. 

%  Of  Drunkennefs  there  are  three  Degrees,  in 
the  firft  of  which  there  is  a  great  Readinefs  to  all 
the  Fundtions  of  human  Life,  even  greater  than  in 
a  healthy  Perfon,  and  accompanied  with  extreme 
Gladnefs.  Thus  Horace: 

‘Tu  fpem  reducis  mentibus  anxiis 
Virefque ,  addis  cornua  pauperi , 

Poft  te  neque  iratos  trementi 
Regum  apices ,  neque  militum  arm  a . 

Lib.  III.  cap.  22« 

The  fecond  Degree  is  a  kind  of  Delirium  which 
increafes  imperceptibly,  till  at  length  the  Will  lo- 
fes  its  Influence  upon  the  Limbs,  Tongue,  and  all 
the  other  Adtions  proper  to  human  Life.  The 
laft  is  a  dead  Sleep  next  to  an  Apoplexy,  in  which 
the  whole  Body  continues  immoveable,  and  does 
not  perceive  even  the  greateft  Injuries.  This  fol¬ 
lows  from  the  Spirit  of  Wine  mixing  with  the 
Blood,  and  as  a  Body  extremely  volatile  foon  fly¬ 
ing  to  the  Head  more  than  any -other  Part,  where 
*.  -r  ::  it 
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it  expands  the  cortical  Subftance  more  than  the  Re- 
fiftance  of  the  Medulla  is  capable  of  fijpporting. 
For  fuch  is  the  Nature  of  inflammable  Spirits  that 
they  neither  coagulate  the  Blood  in  the  Veiiels, 
nor  do  they  arrive  into  the  Vefiels  with  their  full 
Power,  but  infinuating  into  the  fmalleft  Vefiels, 
they  difturb  the  Motion  of  the  Humours,  which 
caufes  a  Delirium.  Hence  alfo  Sleep  follows  from 
the  Ufe  of  the  molt  volatile  Medicines.  From 
plentifully  drinking  of  inflammable  Spirits,  a  con¬ 
tinual  Sleep  follows,  which  hardly  continues  lon¬ 
ger  than  an  Houi  ,  for  Alcohol  powerfully  inebri¬ 
ates,  becaufe  it  is  fo  volatile  as  to  fly  into  the  Air 
with  the  lead  degree  of  Heat ;  and  it  appears  by 
chirurgical  Experiments,  that  by  touching  the  na¬ 
ked  Nerves  they  become  infenfible  therewith  ;  and 
why  may  it  not  produce  the  fame  Effect  when  ta¬ 
ken  by  the  IVIouth  internally  ?  On  the  contrary, 
the  drinking  of  the  ftrongeft  Ale,  fuch  as  Mum 
m  a  large  quantity,  occafions  a  Sleep  of  long  (land¬ 
ing,  perhaps  of  two  or  three  Days  ;  namely,  be¬ 
caufe  the  fpirituous  Particles  invifcated  in  the  Ale 
expand  themfelves  more  {lowly.  But  .Liquors 
which  have  not  been  fermented  do  not  inebriate, 
becaufe  their  Particles  are  too  grofs  to  afcend  or 
fly  up  to  the  Head. 

3  When  any  Part  of  the  Medulla  of  the  Brain 
is  empty  and  collapfed,  while  another  Part  remains 
free  and  difiended  with  Spirits,  the  Perfon  dreams  % 
and  therefore  dreaming  is  a  kind  of  half  Vigilance 
or  impel  fed;  Sleep.  Hence  we  need  not  fo  much 
wonder  at  thofe  who  walk  in  their  Sleep,  for  when 
that  Pait  of  the  Brain  remains  free  which  appertains 
to  mufcular  Motion,  the  Spirits  will  then  be  as  ne- 
ceffarily  detached  to  the  Mufcles  by  an  internal 
Caufe  without  a  Confcioufnefs  of  the  Mind,  as  in 
a  State  of  Vigilance  j  much  in  the  fame  manner  as 
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we  walk  ia  deep  Meditation^  without  being  at  all 
confcious  that  we  do  walk.  •  Thofe  tvho  walk  Jn 
theit  Sleep  therefore  are  but  half  afleep.  From 
hence  we  may  underftand  why  a  Perfoh  will  deep 
found  who  has  been  much  tired,  unlefs  the  Fatigue 
has  been  fuch  as.  to  produce  Pain  in  the  Nerves, 
which  impedes  Sleep  and  intermixes  the  State  of 
Vigilance  with  that  of  fleeping  ;  and  why  thofe  are 
inclined  to  deep  who  do  not  diffidently  exercife 
the  Body  in  proportion  as  they  meditate,  as  alfo 
when  they  have  lain  too  long  a-bed  in  a  Morning. 
But  concerning  Sleep  from  other  lefs  frequent  Cau- 
fes,  as  from  the  Atra-bilis,  it  is  not  the  proper 
Bufinefs  of  this  Piace.  jm>  rsd  blue  .rf 

4  The  conco&ive  Powers  of  the  human  Body 
by  which  our  Humours  are  attenuated,  are  equal¬ 
ly  applied  to  all  the  crude  Humours  in  the  Body. 
Nor  ought  the  Body  to  be  exercifed  after  Meals, 
-in  order  to  preferve  Health,  as  I  was  formerly 
perfuaded  with  the  common  Opinion  ;  for  this  is 
repugnant  to  Nature,  who  inclines  all  Animals  to 
deep  after  Meals,  at  which  time  the  Body  cannbt 
well  be  exercifed  without  fome  Uneafinefs.  But 
.Exercife  of  Body  is  the  bed  before  Meals,  upon 
an  empty  Stomach,  according  to  the  ancient  Ad-* 
vice  of  Leonidas ,  who  had  the  Care  of  Alexander 
in  his  Youth.  But  even  that  Perfpi ration  is  greater 
in  Sleep,  is  demonftrated  from  the  Obfervatibns 
of  Saniforius .  If  of  two  healthy  People  one  fits 
Hill  at  the  Table  or  walks  about  the  whole  time, 
while  the  other  deeps  three  Hours  in  a  Bed,  by 
weighing  both  of  them  afterwards^  the  Perfon  who 
has  been  deeping  will  be  found  much  lighter- than 
the  other  ;  becaufe  the  Skin  of  the  latter  has  been 
kept  continually  warm  and  lax  while  the  othenfos 
been  cold;  even  though  one  cannot  be  able- to  fit 
dill  without  ufing  animal  Motion; *v  wd 

Since 
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Ik  VsSit^  Vefdelmonfoated  that  Sleep  arofEifrofli  a 
iRefbar  J?efieiency  in  the  Spirits#  which  ate  to  be 
applied  to  theOrigin  of  the  Nerves#  we'  thence 
underftand  that  the  mufcular  Fibres  during  Sleep 
,are  fcarcely  diftended ;  they  will  therefore  be  can- 
traded  very  ftrongly  from  their  own  ina&ive  Pow¬ 
er,  fo  that  they  cannot  be  eafily  on  a  hidden  diftended 
and  moved  by  the  nervous  Juice.  So  long  there¬ 
fore  the  Fibres  reft  and  become  very  unfit  for 
Motion,  whence  the  reft  of  the  Symptoms  follow 
as  before- mentioned;  The  f  Hufbandman  cannot 
pafs  one  idle  Hour  without  fleeping ;  and  there¬ 
fore  if  he  was  to  fpend  all  the  Holidays  in  fleeping, 
he  would  become  weak  and  incapable  of  his  Bufi- 
nefs,  unlefs  he  exercifed  himfelf  with  fome  rough 
Play,  as  that  of  the  Ball  or  the  like.  One  who 
has  been  fleeping  ten  Hours  will  be  quite  dull  all 
the  reft  of  the  Day,  unlefs  the  Body  is  exercifed 
after  Noon  -,  for  by  that  means  Alacrity  and  Acti¬ 
vity  may  be  recovered, 

6  Becaufe  the  fmaller  Veffels  are  indeed  filled, 
but  they  want  Motion  to  propel  the  Humours 
through  the  Extremities  of  thofe  Veffels  by  the 
Preffure  of  the  Mufcles.  But  if  Sleep  is  continued 
longer  than  ufual,  then  the  Fat  being  accumulated 
-buries  and  compreffes  the  fmaller  Veffels,  fo  as  to 
•prove  another  Caufe  retarding  the  Motion  of  the 
Humours,  and  fuppreffing  the  Perfpiration. 
r1  1  I  cannot  give  Credit  to  thofe  over  ridiculous 
Chriftians,  who  relate  the  Story  of  the  feven  Sleep¬ 
ers  for  true.  Yet  I  believe  it  poflible  for  a  Perfon 
to  live  a  long  time  without  Food  or  Drink,  pro¬ 
vided  only  the  Circulation  is  continued  through  the 
larger  fanguiferous  and  ferous  Veffels.  After  five 
Hours  Sleep  the  Humours  are  derived  into  the  cu¬ 
taneous.  Veffels,  and  a  plentiful  Perfpiration.  is  be¬ 
gun  $  but  when  the  Perfpiration  is  over,  the  cuta- 

♦  3  neous. 


326  Of  Sleep.  §  599. 

neous  Veffels  contrad  and  fhut  up  their  Pores ; 
whence  a  Perfon  may  furvive  a  long  time  in  that 
manner,  till  he  is  at  length  awakened  by  a  flow 
and  pJeaflng  Confumption  (§.  597.) 

8  Thus  in  the  Species  of  Erucas  or  Caterpillars, 
among  In  feds,  as  well  as  in  other  Animals  which 
pafs  the  Winter  in  Sleep,  they  are  fupported  with¬ 
out  Food.  The  Caufe  of  fo  long  a  Sleep  in  thefe 
Animals  may  be  from  the  great  Vifcidity  of  their 
Humours,  which  are  not  propelled  and  exhaled 
from  the  Surface  of  the  Body,  but  are  only  drove 
by  a  little  weak  Heart  to  the  fmall  Brain,  while  a 
fmall  Portion  circulates  through  the  Lungs.  Hence 
there  is  but  little  wafte  of  the  Humours,  and  the 
Animal  continues  a  long  time  in  *he  fame  State  j 
but  at  the  Approach  of  any  Heat  whether  artificial, 
(in  the  midft  of  Winter)  or  natural  in  the  Spring, 
the  Humours  will  be  expanded  and  the  Lungs  fill¬ 
ed  *,  fo  that  the  Animal  becoming  more  adive  will 
now  require  Food.  But  the  Humours  are  prevent¬ 
ed  from  Putrifadion  during  their  Reft,  by  the 
Cold,  as  alfo  by  the  Exclufion  of  the  Air.  Even 
by  excluding  the  Air  a  human  Foetus  may  be  pre-* 
ferved  for  many  Years  uncorrupted.  In  other 
Animals  that  fleep  in  the  cold  of  the  Winter,  which 
are  very  numerous,  the  Reafon  is  different.  In 
thofe  who  are  afleep  the  Spirits  are  not  confumed 
as  in  Vigilance,  and  the  Humours  are  derived  into 
f mailer  Veffels,  through  which  they  are  very  hardly 
moved  forward;  but  then  all  the  Oil  or  Fat  is 
poured  out  round  the  Sides  of  the  Veffels,  fo  that; 
the  Animal  is  as  it  were  covered  over  with  an  oily 
Cruft,  by  which  it  is  preferved  from  corrupting 
during  the  firft  Stage  of  Sleep.  But  when  the  firft 
Stage  of  Sleep  is  over,  as,  for  Example,  when  the 
Animal  fleeps  twenty- four  Hours  when  it  is  ufed  to 
fleep  but  ten  ;  from  that  time  the  Motion  of  the 

Blood 


Blood  continually  grows  left  and  left,  fo  that  at 
laft  one  may  doubt  whether  it  has  any  Motion  at 
all.  Lewenhoec  received  fome  Bats  in  the  Winter 
which  were  found  concealed  behind  Tome  Hang¬ 
ings,  but  could  not  perceive  any  Motion  in  their 
Blood ;  but  by  bringing  them  to  the  Fire,  their 
Blood  began  to  move  very  fwiftly.  This  is  (till 
more  evident  in  Frogs,  which  I  have  found  lying 
ftill  in  the  Winter-time  as  if  dead,  infomuch  that 
the  Body  would  not  move  even  by  cutting  off  a 
Leg ;  but  by  expofing  them  to  the  Sun  they  foon 
recovered  their  former  Vivacity,  fo  that  I  could 
hear  them  croaking  in  the  Glafs.  Hence  it  is  that 
thefe  kinds  of  Animals  always  covet  to  be  in  the 
Sun  which  gives  them  new  Life.  But  if  fuch  an 
Animal  is  not  revived  by  any  Heat,  either  of  the 
Sun  or  of  fome  other  Body,  the  Blood  at  length 
moves  fo  flowly  as  to  become  acrid  even  by  Reft  ; 
and  diflblving  the  adjacent  Drops  of  Oil  after  Dif- 
folution,  they  return  with  the  Blood  of  the  next 
adjacent  Veins. 

9  In  profound  Sleep  the  Spirits,  which  are  the 
Authors  of  all  the  voluntary  Motions,  are  at  reft, 
as  well  in  their  Origin  the  Brain  and  Nerves,  as 
in  the  Mufcles.  But  when  an  Animal  awakes  the 
Spirits  begin  to  move,  and  the  Mind  bends  its 
Force  towards  the  Parts  to  be  moved,  whence  ge¬ 
nerally  follows  an  equable  Inflexion  of  the  Mufcles. 

10  Yawning  is  a  deep  Infpiration,  by  which  the 
Courfe  of  the  Blood  is  accelerated  through  the 
Lungs,  whence  it  paftes  moft  fwiftly  into  the  left 
Ventricle  of  the  Heart,  and  from  thence  it  returns 
with  a  greater  Preffure  to  the  Brain  and  CerebeL 
lum  by  the  Arteries. 

11  The  moft  healthy  Fcetus  fometimes  ftartles 
or  ftretches  itfelf  at  fmall  Intervals  in  the  Womb 
of  its.  Mother,  but  all  the  reft  of  the  time  of  its 
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inhabiting  <in  thav.Part,  it  continties  at  reft  as  if 
it  .were  dead  5  and  therefore  it  is  very  jarohabfe 
;thaju  it  is  then  fleeping.; ,  is  credible*  that 

when  the  ^prepared  Chyle  is  poured  into  the  Mo¬ 
ther’s  ,  Blood  in  large  quantities,  as  tnuft  Happen 
towards  the  Morning  or  any  other  long  Interval 
after  a  Meal,  then  the  Foetus  ufually  beftirs  itfeif. 
But  in  Sleep  Nutrition  is  the  greateft,  and  the  At¬ 
trition  or  Deftru&ion  of  the  Parts  little  or  .nothing ; 
and  therefore  the  Foetus  grows  more  in  the  nine 
Months  of  its  Geftation,  than  it  ever  does  after¬ 
wards  within  the  fame  fpace  of  time,  till  it  be¬ 
comes  an  Adult  \  for  in  this  (hort  time  it  grows 
,up  from  an  invifible  Point,  fupplied  from  the  Semen 
mafeulinum,  even  to  the  Weight  of  eight,  nine  or 
thirteen  Pounds  (§.  675.)  ;  but  fuch  an  Increafe  is 
never  afterwards  performed  from  the  Birth,  be- 
caufe  the  Sleep  and  Nutrition  are  both  lefs.  But 
.the  Caufe  of  fo  long  Sleep  in  the  Foetus,  is  the 
prevailing  Force  of  the  Heart  over  the  Refiftance 
of  the  Humours  and  VefTels;  but  the  A&ion  of 
the  Heart  is  vital,  and  therefore  it  overpowers  the 
animal  A&ions  and  fo  long  does  Sleep  prevail 
over  Vigilance.  The  Fcetus,  as  far  as  we  can 
tell,  has  no  Ideas,  nor  has  the  new-born  Infant 
any  other  than  that  of  Pleafure  and  Pain  ;  but  in 
this  early  Stage  of  Life  the  Body  receives  its  great- 
eft  Increafe  and  Growth,  which  leflens  as  the  Brain 
is  more  exercifed.  .vsCI  3 xsn  arb  Hub  zi\ 

11  Children  who  only  awake  when  they  want  to  he 
ruckled,  fleep  almoft  all  the  reft  of  the  time.  But  in 
adult  People  the  Body  is  only  maintained  as  it  were 
in  the  fame  State  for  the  fame  Reafon,  tom  *nisiS 
13  In  all  acute  Difeafes  there  are  always  tedious 
Watchings,  unlefs  the  Brain  itfeif  is  affe<fted.  I 
have  feen  thoufands  of  young  People  in  the  Small¬ 
pox,  Phrenzy,  ardent  Fevers,  Pleurifies,  (d,c.  whb 
have  not  flept  Night  nor  Day  for  a  whole  Week 


together  **  but  when  nhepfiavenbeefl  3mvefed, 
their  Boz  has  been  lighter  by-orfo  third  Part  of 
its  Weight,  fo  that  thofe  who  have  been  very  fit 
have  been  reduced  almoft  like  Skeletons.  And 


therefore  thefe  Watchings  with  Sweats  or  other 
Evacuations  have  in  this  manner  walled  the  Body. 
So  long  as  the  Diforder  rages  the  Patient  can  rife 
up  and  move  his  Body,  but  when  the  Diforder  is 
off  he  cannot  fupport  himfelf,  but  deeps  Night 
iand  Day ;  and  in  this  Cafe  the  Patient’s  Friends, 
very  often  without  Reafon,  are  afraid  of  an  Apo¬ 
plexy  *  for  nothing  more  powerfully  recruits  thofe 
who  are  recovering  than  Sleep,  if  at  the  fame  time 
they  are  fupplied  frequently  with  fmall  quantities 
of  laudable  Nourifhment. 

14  The  Drowfmefs  which  follows  after  a  Meal 
Is  ufuaily  afcribed  to  the  crude  Chyle,  which  being 
^conveyed  to  the  Brain  with  the  Blood,  impedes  the 
Motion  both  of  that  Fluid  and  the  Spirits  thence 
feparated.  But  this  Dulnefs  does  not  follow  when 
we  ufe  Food  of  eafy  Digeftiori,  from  whence  much 
Chyle  is  prepared ;  but  it  follows  chiefly  from 
great  quantities  of  hard  Aliments  diftending  the 
Stomach,  and  increafing  the  Circulation  upward,  by 
comprefling  the  Aorta-,  and  retarding  the  Courfe 
of  the  Blood  downward.  When  we  have  eat  too 
large  a  Supper  we  frequently  pafs  the  whole  Night 
.reftlefs  or  with  a  half  kind  of  Sleep,  which  renders 
us  dull  the  next  Day.  If  now  we  evacuate  from 
the  Stomach  the  offending  Matter,  we  foon  become 
chearful  and  eafy.  Nor  ought  it  to  be  objefted 
that  from  this  greater  Derivation  of  Blood  to  the 
Brain,  more  Spirits  ought  to  be  feparated,  and 
that  therefore  a  Chearfulrieis  ought  to  follow  lnftead 
bf  Dulheffe ;  for  the  fanguiferous  Arteries  being  tdq 

comprefs  and  obftruff  the  other 

imaikr  Arteries, 
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**  We  are  the  molt  aftive  a  confiderable  time 
after  a  Meal,  as  the  Spirits  then  abound  moll 
but  this  Abundance  of  the  Spirits  does  not  follow 
from  the  laft  Meal,  but  from  a  long  and  fuccefilve 
Series  of  Changes,  by  which  the  Serum  of  the 
Blood  is  attenuated  into  more  fubtle  Juices. 

16  We  are  fumilhed  with  fo  large  a  Brain,  be- 
caufe  that  Part  in  Animals  is  proportioned  to  their 
Ingenuity ;  and  therefore  the  Brain  is  largeft  in 
Man,  and  next  after  him  it  is  largeft  in  Apes, 
Dogs,  &c.  in  proportion  to  the  reft  of  the  Body. 
It  is  not  eafy  to  meet  with  a  Perfon  foolilh  from 
his  Birth,  whofe  Brain  has  not  been  altered  from 
its  natural  or  fpheroidical  Figure.  In  general,  the 
larger  the  Brain  the  more  ingenious  is  the  Animal, 
and  the  larger  the  Cerebellum  the  ftronger  the 
Animal ;  and  therefore  the  ftrongeft  Animals  have 
but  a  fmall  Brain. 

§.  600.  But  the  Reafon  why  the  Heart  is 
not  relaxed  and  inactive  1  during  Sleep  like 
the  other  Mufcles  (§.  590.  N°.  3.),  but  on  the 
contrary  adts  more  ftrongly,  contracting  and 
dilating  alternately,  will  appear  evident  if  we 
attend  to  the  following  Particulars:  1.  The 
Difference  betwixt  the  Brain  2  and  Cerebel¬ 
lum,  the  former  being  foft  3,  fumilhed  with 
Cavities  4,  and  encompaffed  with  venous  Si¬ 
nus*  sS  of  different  Courfes,  being  capable  of 
Expanlion  and  Compreffion,  and  being  like- 
wife  fpread  externally  with  Circles  of  the  lar¬ 
ger  Arteries ;  but  the  Cerebellum  is  more  folid 
and  compact 6,  has  no  Cavities,  nor  is  it  preffed 
or  encompaffed  by  any  venous  Sinus's,  being 
incapable  either  of  Expanjion  7  or  Compreffion^ 
only  fumilhed  with  fmall  Arteries  and  Veins 
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like  the  reft*  of  the  Brain.  2.  That  the  car- 
diac  9  Nerves  derive  their  Origin  from  the  Ce¬ 
rebellum  only.  3.  That  the  coronary  Arte - 
aies  10  of  the  Heart  are  filled  and  emptied  at 
oppofite  times  with  thofe  of  all  the  other  Arte¬ 
ries  in  the  Body ;  and  that  the  like  is  alfo  true 
of  the  coronary  Veins.  4.  That  the  Ventricles 
of  the  Heart  are  filled  at  the  fame  time  with 
the  coronary  VefTe-ls.  5.  That  the  Auricles 
and  Ventricles  of  the  Heart  are  filled  and 
emptied,  contradted  and  relaxed  alternately. 
From  all  thefe  Confiderations  it  will  appear, 
that  the  Caufes  of  the  Heart’s  Contraction  ar§ 
continually  renewed  and  deftroyed,  adting, 
and  ceafing  from  Adtion.  But  whether  or  no 
the  vital  Spirits  of  the  Cerebellum  are  more 
tenacious  1 1  and  durable  than  the  animal  Spirits 
of  the  Brain,  muft  ftill  remain  a  Queftion  ? 
But  why  does  th z  per iftaltic  Motion  alfo  never 
ceafe  ? 


*  We  come  now  to  a  very  difficult  Queftion* 
namely,  why  the  Mufcles  of  the  Heart  and  its  Auri¬ 
cles,  the  venous  Sinus’s,  with  the  Arteries,  Dia* 
phragm,  thofe  of  the  Abdomen  with  the  intercoftal 
Mufcles ;  and  laftly,  the  Mufcles  for  the  periftal- 
tic  Motion  of  the  Inteftines  never  ceafe  to  aft  in 
Sleep,  at  which  time  all  the  other  Mufcles  in  the 
Body  are  relaxed  ;  but  on  the  contrary,  they  are 
obferved  to  adt  more  powerfully  than  during  the 
time  of  Vigilance  (§.  590.  N°.  5,  6,  7.).  This 
Queftion  has  been  aimed  at  in  all  Ages,  nor  yet 
has  it  been  folved  fince  the  time  of  Harvey ,  for 
want  of  fufficient  Attention  and  regard  to  the  Har~ 
^ean  Demonftrations, 


The 
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1  The  wife  Creator  has  made  the  C^rebelliim. dif¬ 
ferent  from  the  Brain.-  We  faid  before  that  the 
Brain  in  Man  is  much  larger  in  proportion  than  in 


who  have  this.  Part  lefs  in  propor? 
fiomas  |hey  are  left  human  in  their  Faculties,  as 
they  perform  fewer  of  the  animal  Funftions,  as 
they  are  fumilhed  with  Senfes  lefs  acute,  and  are 
lefs  ready  for  the  Performance  of  voluntary  Mo¬ 
tions  *,  in  a  word,  as  they  approach  nearer  to  a 
vegetable  Nature.  In  the  Skull  of  a  Whale,  pre- 
ferved  here  at  Leyden ,  the  Cavity  for  holding  the 
Brain  will  hardly  receive  one’s  Fift.  But  in  pro¬ 
portion  as  thefe  Animals  have  a  lefs  Brain,  the 
Cerebellum  is  much  larger.  So  that  in  Fifh  the 
Cerebellum  is  exceeding  large,  and  the  Brain  very 
fmall  in  proportion  to  the  reft  of  the  Body.  VI 

3  The  Brain  being  fofter  than  the  Cerebellum,  is 
placed  above  the  latter,  and  fuftained  by  a  Procefs 
of  the  Dura  Mater  four  times  thicker  than  the  reft 
of  that  Membrane,  being  feparated  in  the  middle 
by  a  Procefs  from  thence  continued  and  called  the 

5§fixbn$  £J5}£Snoldo  idluboM  sdriomsSL  finiflib 

4  By  thefe  Cavities  the  whole  Brain  tmy  Jbe  ta* 

ken  for  a  Plane  convoluted  into  an  Arch  intercep¬ 
ting  a  Part  in  its  middle,  from  whence  all  the 
Nerves  arife  (§.272.).  In  thefe  Cavities  are  placed 
the  wonderful  Plexus  Choroides.  The  anterior 
Ventricles  feparate  the  fuperior  from  the  inferior 
Medulla  of  the  Brain;  and  the  third  Ventricle  in 
the  Medulla  itfelf  feparates  that  from  the  Moduli^ 
oblongata.  All  thefe  Cavities  may  be  more  or  lefs 
filled  or  emptied  with  Blood  and  Humours,  fo  as 
to  render  the  Brain  more  free  and  fit  or  unfit  for 
its  Office. 

'  Thefe  Sinus’s  are  capable  of  being  filled  more 
at  one  time  than  at  another ;  for  all  thole  Caufes 
which  accelerate  the  Motion  of  the  venal  Blood, 

'  my 
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fMy'  alfo  occafion  a:T'fir^feKrU*  ’  bf  .xHS^d^Ss^s  in 
the  Dura  Mater*  which  n^ay  again  coiitr^ft  them* 
fdtfes  by  thw  projpdr  Fibres :  but  all  the  :Siniis^ 
are  ]  pi&ced  round  the  Brain,  but  none  of  them 
round  the  Gerebellum ;  and  therefore  the  Aftion 

the  different  State  of  the  Sinus’s 


T? 

if 


Which 

is  impreffcd  upon  the  Brain  only,  where  the  Se 
cretloM  and  Gourfe  of  the  Spirits  may  be  interrupted 
Without  caufihg  any  Change  in  the  Cerebellum. 

*1  Even  the  Medulla  of  the  Cerebellum  arifes 
from*  its  mofl  compaft  Part,  whereas  in  the  Brain, 
the  I  Nerves  arife  from  the  middle  of  its  Cavity  ; 
but  in  the  Cerebellum  the  Cortex  is  fpread  upon 
the  Medulla  without  intercepting  any  Cavity  or 
Interval ;  for  the  fourth  Ventricle  which  is  a  fmall 
Notch  betwixt  the  Medulla  oblongata  and  that  of 
the  Cerebellum  can  be  of  fmall  moment:  but  from 
the  middle  of  the  inverting  Cortex  the  Medulla 
arifes,  and  by  a  perpendicular  Incifion  appears  like 
the  Branches  of  a  Tree,  being  at  length  collefted 
into  the  four  Trunks  which  are  inferted  into  four 
diftinft  Parts  of  the  Medulla  oblongata  ;  and  there¬ 
fore  the  Cerebellum  continues  in  the  fame  State 
without  Alteration  during  Life,  which  the  Brain 
does  not.  On  the  contrary,  the  Brain  .may  beexT 
panded  and  comprefled,  or  collapfe  and  be  relaxed 
by  reafon  of  the  Cavities  placed  in  the  middle  of 
its  Subftance,  and  into  which  the  Blood  may  be 
more  copioufly  derived,  £s?r.  But  any  Humour 
colle&ed  in  the  Cavity  of  any  of  the  Ventricles  in 
the  Brain  produces  Sleepinefs  firft,  and  then  a  Le* 
thargy  or  Apoplexy ;  the  like  of  which  cannot 
take  place  in  the  Cerebellum. 

1  The  Cerebellum  is  fo  feated  in  the  bony  Cafe 
of  the  Skull,  that  it  is  defended  above  by  a  moft 
ft  long  Procefs  of  the  Dura  Mater,  below  by  the 
Occiput,'  betwixt  which  on  alt  Sides  there  is  a 
>  loofe 
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loofe  and  free  Space.  The  Procefs  of  the  Dura 
Mater  fpread  over  the  Cerebellum  is  ftretched  tight 
like  the  Parchment  of  a  Drum,  fo  as  to  re-a<5t 
againft  any  Force.  Externally  the  Cerebellum  is 
defended  by  the  Occiput,  covered  in  its  pofterior 
and  lower  Part  with  the  fcaleni,  complex!,  redti 
and  oblique  Mufcles  of  the  Head,  fo  that  a  Blow 
or  Injury  cannot  penetrate  to  the  Cerebellum,  but 
through  the  Brain  or  through  thefe  Mufcles. 

8  In  the  Cerebellum  there  are  no  Sinus’s,  only 
fimple  Arteries  and  Veins  fpread  within  the  Pia 
Mater  and  diftributed  upon  the  Cerebellum.  But 
the  Cerebellum  is  not  in  veiled  by  the  Dura  Ma¬ 
ter ;  and  therefore  the  Motion  or  Circulation  of 
the  Humours  through  the  Arteries  and  Veins  in 
this  Part  is  performed  more  equably.  Add  to  this, 
that  the  Cerebellum  receives  its  Blood  principally 
from  the  vertebral  Arteries,  which  immediately 
after  their  Origin  are  received  into  a  Canal  running 
through  the  Vertebrae  of  the  Neck  on  each  Side, 
in  which  they  are  fecured  till  they  enter  into  the 
Cranium ;  fo  that  they  cannot  be  comprefied  like 
the  Carotids  (§.  232.). 

9  I  make  not  the  leaft  Doubt  but  that  mod 
Parts  of  the  human  Body  receive  their  Nerves 
from  the  Brain,  but  that  the  Nerves  for  the  Mo¬ 
tion  of  the  Heart  are  derived  only  from  the  Cere¬ 
bellum  ;  and  this  is  confirmed  by  anatomical  Ex¬ 
periments  made  by  the  excellent  Du  Verney ,  who 
has  taught  us,  1.  That  the  Brain  being  deftroyed 
or  rendered  incapable  of  its  Office,  the  Heart  ne- 
verthelefs  continues  to  move,  which  makes  it  evi¬ 
dent  that  the  Motion  of  the  Heart  does  not  depend 
upon  the  Brain.  2.  On  the  contrary,  the  Cere¬ 
bellum  being  deftroyed  or  rendered  incapable  of 
its  Office,  the  Motion  of  the  Heart  is  always  fup- 
prefled  ;  and  therefore  the  Motion  of  the  Heart 
refults  not  from  the  Brain  but  from  the  Cerebel¬ 
lum  : 
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lum :  but  lince  the  Cerebellum  can  fupply  nothing 
to  the  Heart  but  Nerves,  therefore  it  is  evident 
that  the  Nerves  of  the  Heart  are  derived  from  the 
Cerebellum.  It  could  never  yet  indeed  be  demon- 
ftrated  anatomically,  that  any  Nerve  arifes  from 
the  Cerebellum  only,  as  the  olfaftory  Nerves  are 
obferved  to  arife  only  from  the  Brain  :  for  all  the 
Nerves  befides  are  propagated  from  the  Medulla 
oblongata,  which  is  formed  by  the  Union  of  the 
medullary  Peduncles  or  Footftalks  both  of  the 
Brain  and  Cerebellum.  But  it  is  fufficient  to  con¬ 
vince  us  of  this  Truth,  if  we  confider  that  Expe¬ 
riments  demonflxate  that  Injuries  of  the  Brain  de- 
ftroy  the  voluntary  Motions,  but  do  not  in  the 
lead  deftroy  the  Motion  of  the  Heart,  which  can¬ 
not  be  affeded  or  changed  by  fo  flight  a  Caufe  as 
is  capable  of  producing  Sleep  in  the  Brain :  but 
when  the  Cerebellum  is  injured  the  Heart  itfelf 
ceales  to  move,  that  is  to  lay,  the  Animal  expires  . 
for  Surgeons  well  knowhow  much  more  fatal  is 
an  Apoplexy  arifing  from  a  Comprefiion  of  the  fpi- 
nal  Medulla,  than  from  ah  Injury  of  the  Brain 
only. 

10  The  Force  of  the  Arteries  is  nearly  equal  to 
that  of  the  Heart,  for  let  but  the  Heart  ceafe  to 
move  by  fufpending  its  mufcular  Force,  and  the 
Blood  itfelf  will  alfo  ceafe  to  move,  except  the 
Motion  derived  from  the  Contradion  of  the  Vef- 
fels  is  increafed  by  the  fupervening  Cold  ;  whence 
the  Blood  is  forced  from  the  Extremities  towards 
the  right  Auricle  and  Ventricle  of  the  Heart.  The 
Motion  of  the  Blood  in  the  Arteries  is  continually 
deftroyed,  except  what  is  derived  from  the  natural 
Contraction  of  the  Arteries,  by  which  they  pro¬ 
trude  the  Blood  into  the  lefs  refilling  Veins ;  which 
Adion  of  them  is  likewife  increafed  by  the  Cold 
fupervening  Death.  From  this  Obfervation  we 
may  be  able  to  explain,  why  in  acute  Difeafes  all 

the 
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the  Bloo3  is  found  m  the  Arteries  while  the  Veins 
appear  empty  ?  and  why  on  the  contrary  in  a 
healthy  Perfon  who  has  been  lately  strangled  or 
drowned,  the  Blood  is  found  two  or  three  Days 
after  Death  to  be  all  collected  in  the  Veins,  while 
the  Arteries  are  quite  empty.  Namely,  in  acute 
Difeafes  the  Arteries  cannot  overcome  the  Refin¬ 
ance  of  the  vifcid  and  congealed  Blood,  which  has 
been  exhaufted  of  its  moft  fluid  Parts  f§.  260, 
261.)  :  But  when  the  Blood  retains  its  fluid  State, 
it  is  eafily  propelled  by  the  wonderful  AClion  of 
the  Arteries  in  fudden  Deaths  into  the  lefs  refilling 
Veins  ;  but  the  A<5lion  of  the  Lungs  ceafing,  the 
Blood  cannot  pafs  into  the  left  Ventricle,  whence 
the  Arteries  will  continue  to  protrude  their  Blood 
without  receiving  their  ufual  Supply ;  and  there¬ 
fore  the  Blood  will  be  accumulated  chiefly  in  the 
large  Trunks  of  the  Veins,  in  the  right  Auricle 
and  Ventricle  of  the  Heart,  and  in  the  pulmonary 
Artery.  If  we  confider  the  Motion  of  the  Heart 
in  its  natural  State,  we  find  that  the  Blood  is  pro¬ 
pelled  from  its  left  Ventricle  from  no  other  Caufe 
than  a  convulfive  Spafm  or  mufcular  Contraction, 
the  Force  of  which  is  fufiicient  to  propel  the  Blood 
from  the  Cavity  of  its  left  Ventricle  into  the  Aor¬ 
ta  ;  but  this  propelling  Force  is  not  greater  than 
to  dilate  the  Aorta  to  fuch  a  degree  as  to  give 
room  for  the  Reception  of  its  expelled  Blood 
(§.  218;).  But  the  moment  after  this  Contraction 
of  the  Heart,  the  Blood  contained  in  its  own  Vef- 
fels  being  expelled  caufes  that  Mufcle  to  look  pale 
and  bloodlefs.  But  the  Blood  expelled  from  the 
Heart  neither  flagnates  nor  is  urged  beyond  the 
Heart,  which  being  relaxed  no  longer  exerts  any 
Force  upon  that  Fluid.  But  while  the  Heart  is 
filling,  and  before  a  fecond  Contraction  of  it  fol¬ 
lows,  all  the  Blood  receded  From  the  'Heart  by 

+*  the 
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the  Aqrta,;  is  by  its  ,contra$ite  Force  protruded 
,/roip  iits  .C#yity  _and  Branches  into  the  Veinjs.;  fp 
'jhat  a  like  quantity  of  Blood  is  conveyed  from  die 
^rterks  into  the  Veins  in  the  fame  time,  as  the 
Blood  which  is  thrown  from  the  left  Ventricle  in¬ 
to  the  Aortaj  whence  the  Force  of  the  Arteries 
appears,  to  be  equal  with  that  of  the  Heart,  which 
exerts  no  other  Aclion  but  that  by  which  it  ex¬ 
pels  the  Blood  into  the  dilated  Aorta.  But  the 
coronary  Arteries  which  are  difixibuted  through 
the  mufcular  Fabric  of  the  Heart,  are  empty  when 
fhat  Mulcle  is  in  its  Contra&ion  5  and  confequent- 
ly  the  indant  after  this  Contradion,  the  Blood 
which  is  propelled  every  way  by  the  Aorta,  will 
return  back  towards  the  Valves  and  fill  the  coro¬ 
nary  Arteries  with  the  fame  Force  as  it  is  protru¬ 
ded  by  the  Aorta  into  other  Parts,  But  imme¬ 
diately  before  the  Heart  are  placed  venous  Auri¬ 
cles,  into  which  the  coronary  Veins  convey  all 
their  Blood.  But  when  the  Heart  propels  its  Blood 
into  the  Arteries,  there  is  a  greater  quantity  of  that 
Fluid  contained  in  the  Cavity  of  thefe  Veins,  and 
therefore  what  is  redundant  flows  from  the  Arteries 
Into  the  Veins ;  fo  that  this  acceflary  Force  from 
the  coronary  Arteries  protrudes  the  venal  Blood 
through  the  correfponding  Veins  into  the  Auricles, 
from  whence  the  next  moment  the  Blood  paffes  in¬ 
to  the  relaxed  right  and  left  Ventricle.  Partly, 
when  the  Ventricles  of  the  Heart  propel  tflteir  coni 
tained  Blood,  that  Blood  drives  forward  all  the  reft 
Contained  in  the  Arteries,  namely,  in  the  Aorta 
and  pulmonary  Artery :  and  thefe  arterial  Trunks 
being  therefore  diftended  at  the  fame  time,  muft 
necefiarily  comprefs  the  Nerves  which  pafs  into 
the  Heart  betwixc  them  (§.409.) ;  and  the  Nerves 
pf  the  Heart  being  thus  .compreifed  during  it# 
Con  .taction ,  *t  mull  necefiarily  become  paralytic 

2  or 
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or  relaxed  in  the  next  inftant.  But  the  moment 
after  this  Diftenfion  of  the  arterial  Trunks,  they 
contrail  themfelves  to  a  lefs  Diameter,  whence  the 
cardiac  Nerves  being  fet  at  liberty  the  Spirits  have 
a  free  Courfe  into  that  Mufcle.  Hence  it  is  that 
the  Heart  cannot  ceafe  to  move  even  in  Sleep  ;  for 
fo  foon  as  the  Heart  is  relaxed,  the  coronary  Ar¬ 
teries  are  likewife  relaxed  at  the  fame  inftant,  and 
therefore  the  Blood  meeting  with  no  Refiftance  will 
be  freely  preffed  into  them  by  the  Aorta.  But  at 
the  fame  time\that  the  coronary  Arteries  are  thus 
filled  and  the  Ventricles  relaxed,  the  venous  Sinus’s 
contrail  and  pour  their  Blood  into  the  former, 
while  at  the  fame  time  the  Spirits  of  the  Cerebel¬ 
lum  How  freely  through  the  Nerves,  betwixt  the 
large  Arteries  which  are  now  contracting  them¬ 
felves.  Thus  the  Heart  cannot  ceafe  to  move, 
fmce  the  three  Caufes  of  its  Contraction  are  per¬ 
petually  renewed,  namely,  the  Repletion  of  its 
Cavities  with  Blood,  a  free  Influx  of  Spirits  by  the 
Nerves,  and  of  Blood  by  the  coronary  Arteries- 
into  its  mufcular  Fabric.  But  if  the  coronary  Ar¬ 
teries  were  filled  at  the  fame  time  with  the  other 
Arteries  of  the  Body,  in  that  cafe  the  Heart  would 
ceafe  to  move  during  the  time  of  Sleep.  The: 
beautiful  Contrivance  or  Mechanifm  demonftrable 
in  this  Fabric  of  the  Heart,  fo  much  affected  the^ 
Mind  of  the  celebrated  Pitcairn ,  that  he  pronounced,- 
that  if  we  are  ignorant  of  all  other  Particulars  and! 
could  fee  only  the  Fabric  of  the  Heart  with  its  Auri¬ 
cles,  Sinus’s  and  Arteries,  we  fhould  plainly  perceive  ; 
that  thefe  Bodies  were  not  made  for  themfelves,  . 
but  for  fome  other  Ufes  without  or  diftant  from  j 
them,  and  that  they  could  not  be  the  Authors ; 
of  themfelves,  as  Cartefius  would  have  us  to  * 
believe. 


Thus 
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Thus  indeed  it  would  feem  to  be  with  the 
Spines  of  the  Cerebellum,  fince  the  Veffels  of  that 
Part  are  ftronger  and  thicker  than  the  Veffels  of 

n'i.n?Ut  Nature  has  given  every  kind  of 
Veffels  a  different  Fluid  to  be  conveyed  agreeable 
to  their  Texture.  It  would  alfo  feem  that  the  animal 
Spirits  require  a  longer  Preparation  than  the  vital 
Spirits,  fince  by  general  Laws  of  Nature  in  the 
hiiman  Body,  the  thinned  Humours  are  always 
derived  from  thofe  which  are  next  in  Succefiion  of 
a  more  grofs  Texture.  If  now  it  can  be  demon- 
ltrated  that  the  animal  Spirits  are  generated  as  flow 

againr  as  *he  7ita1’  we  be  furnilhed  with  a 
manifeft  Reafon,  why  the  animal  Adions  ceafe 
during  one  half  of  Life,  when  the  Heart  and  na¬ 
tural  Powers  always  continue  to  perform  their  Of¬ 
fice.  For  in  the  firft  place,  there  may  be  a  Defi¬ 
ciency  of  Matter  for  the  Formation  of  Spirits  in 
the  Brain,  when  at  the  fame  time  the  Cerebellum 
may  be  well  enough  fupplied.  Secondly,  the 
more  fenfible  Spirits  of  the  Brain  may  be  affeded 
and  exhaufted,  while  the  more  permanent  Spirits 
or  the  Cerebellum  continue  undifturbed. 

“  Why  frefe  involuntary  Mufcles  do  not  ceafe 
to  ad  during  the  time  of  Sleep,  namely,  thofe 
which  carry  on  the  periftaltic  Motion,  I  mud: 
confefs  myfelf  ignorant,  and  refolve  the  Caufe  into 
the  Omnipotent  Power  of  the  Creator,  who  has 
thus  wonderfully  formed  our  whole  Body  at  once. 
Our  mechanical  Learning  teaches  us  to  explain  the 
Nature  and  Adion  of  Machines,  which  have  been 
made  by  a  lucceffive  Addition  of  Parts,  But  a 
Machine  which  is  produced  at  one  and  the  fame 
JHitant  of  time,  cannot  be  perfedly  explained  by 
thofe  mechanical  Rules,  which  are  fcarce  fufficient 
to  acquaint  us  with  the  Nature  of  artificial,  and 
muc^  lefs  with  the  Nature  of  created  Engines, 

Z  2  °  But 
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Bitt  neverthelefs  thefe  Motions,  which  we  are  not 
able  to  explain,  do  really  exift  in  the  Body*  I 
have  often  feen  the  Stomach  and  Inteftines  taken 
out  of  a  living  Animal  creep  in  my  Hand  after 
they  were  extracted  from  the  Body,  continuing  to 
move  as  if  they  (till  remained  in  their  Situations. 
If  the  Thorax  of  a  living  Dog  is  inftantly  opened 
by  a  fharp  Scalpel,  and  the  Heart  fuddenly  cut 
out,  upon  throwing  it  into  a  Bafon  full  of  cold 
Water,  it  will  jump  out  of  the  fame  as  if  it  was  a 
living  Animal,  and  continue  to  beat  more  Ian*- 
guidly  for  a  long  time  after.  The  Heart  being 
taken  out  of  a  large  Eel,  will  continue  its  Motion 
of  contracting  and  dilating  for  feveral  whole  Hours 
together  j  and  even  when  it  flops  it  may  be  again 
excited  into  Motion  by  pouring  on  warm  Water. 
From  hence  therefore  it  is  evident,  that  it  is  not 
in  the  Power  of  human  Intellect  to  explain  all 
things  at  once,  nor  even  to  explain  any  thing  but 
by  Parts,  the  Glory  of  which  is  to  be  afcribed  only 
to  that  Being  who  made  all  things  at  once.  The 
Lungs  which  continue  idle  in  the  Foetus,  were  ne~ 
verthelefs  created  and  difpofed  in  the  fame  manner 
as  they  afterwards  appear  to  us,  that  they  might 
dilate  and  take  in  the  Air  at  the  firft  moment  of 
Life  *,  and  that  the  Lungs  and  other  Parts  fhould 
be  thus  formed  in  the  firfl  Delineation  of  the  hu¬ 
man  Body,  before  the  Acflion  could  follow  from 
the  Fabric,  muft  be  altogether  the  Contrivance  of 
the  Omnipotent  Hand.  The  fame  is  alfo  true 
with  relped:  to  the  Foramen  ovale,  the  Canal  is 
arteriofus  and  venofus,  with  the  umbilical  Arteries 
and  Veins,  the  Urachus,  and  other  Parts. 
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Cy  Respiration1. 

§.  601.  TTTHAT  Refpiration  is  or  how 
VV  it  is  performed,  and  why  it 
continues  2  without  the  Influence  of  the  Mind, 
will  be  evident  from  what  follows ;  for  the 
Order  of  our  Syftem  requires  us  in  the  next 
place  to  examine  into  this  Adtion,  which  al¬ 
though  we  fee  performed  more  than  any  other, 
is  neverthelefs  difficult  to  underftand ;  chiefly 
becaufe  is  is  an  Adtion  partly  3  vital  or  fponta- 
neous  and  partly  voluntary,  and  in  fome  mea- 
fure  becaufe  of  the  numerous  4  Organs  which 
are  employed  in  the  Exercife  of  this  Fundtion  ; 
which  we  are  therefore  to  diveftigate  with 
Care  and  Attention,  as  may  be  belt  done  by 
confidering  its  feveral  Appearances  and  Or¬ 
gans. 

'  Refpiration  is  an  alternate  Entrance  and  F.x- 
pulfion  of  the  ambient  Air  into  and  from,  the 
Lungs,  by  the  Wind-pipe  and  Air-veffels  of  that 
Vifcus ;  in  which  Adtion  we  diftinguifli  four  Pe¬ 
riods  :  The  firft  is  a  Derivation  of  the  Air  into 
the  expanded  Air-veffels  of  the  Lungs,  namely, 
into  the  Larynx,  Wind-pipe  or  Trachea,  and  its 
Ramifications  the  Bronchia,  with  their  Expanfions, 
the  Veficles  oi  Malpighi  %  Secondly,  a  Retention, 
of  the  Air  derived  into  thefe  Receptacles,  in  which 
it  continues  fome  time  without  being  either  infpired 
or  expired  ;  Thirdly,  the  Expulfion  of  the  infpi- 
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red  and  retained  Air,  from  its  feveral  forementio- 
ned  Receptacles  in  the  Lungs :  Fourthly,  a  fecon- 
dary  Reft  of  the  Lungs  after  Expiration,  in  which . 
they  continue  quiefcent  for  fome  time  without  in- 
fpiring  or  expiring.  egniyio  yd  btrtsi 

a  This  is  a  difficult  Queftion,  not  folded  by  any 
Phyfician  or  Philofopher,  until  Dr,  Havers  firft 
laid  a  Foundation  for  its  Solution,  by  (hewing  that 
the  Cartilages  change  their  Angles  with  the  Ribs, 
whofe  Extremities  likewife  recede  from  each  other  j 
whence  he  demonftrates  that  the  breadth  of  the 
Thorax  is  increafed  laterally.  But  even  at  prefent 
this  A&ion  is  not  fufficiently  underftood  among 
ourfelves,  notwithftanding  the  numerous  Experi¬ 
ments  which  have  been  made  for  that  Purpofe. 

3  That  Refpiration  is  a  vital  A&ion,  appears 
from  its  Continuance  in  Sleep  and  in  Apoplexies, 
in  which  it  is  rather  increafed,  though  all  the  ani¬ 
mal  A&ions  are  removed.  But  it  is  alfo  evidently, 
in  part,  an  animal  Adlion,  becaufe  we  can  accele¬ 
rate  and  retard  it  at  pleafure,  or  take  a  deep  or  a 
jfhort  Refpiration  as  we  pleafe.  But  we  cannot 
thus  exercife  the  Influence  of  our  Will  upon  the 
Heart,  which  neither  moves  flower  nor  fafter  ac¬ 
cording  to  our  Inclination  ;  yet  are  we  only  to  un- 
derftand  this  fo  as  that  we  cannot  immediately  by 
our  Will  alter  the  Motion  of  the  Heart ;  for  when 
we  alter  Refpiration  by  our  Will,  either  by  acce¬ 
lerating  or  retarding  the  fame,  we  can  by  that 
means  alfo  either  accelerate  or  retard  the  Motion  of 
the  Heart  as  we  pleafe.  Even  in  Refpiration  we 
muft  confefs  that  the  animal  rather  exceeds  the 
vital  Power  •,  fince  a  Man  can  kill  or  ftrangle  him- 
felf  only  by  a  voluntary  Retention  of  the  Air. 
Thus  the  Slaves  of  Angola  from  the  fouthern  Parts 
of  Africa ,  being  weary  of  their  Lives,  retain  their 
Breath  as  they  (land,  until  they  are  fuffocated ; 
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whence  we  learn,  that  thefe  Slaves  are  a  precarious 
Merchandife,  fince  at  the  leaft  Diftafte  ■  they  de¬ 
prive  themfclves  of  their  Breath,  and  their  Matter 
of  his  Profit.  — There  are  even-  Inftances  of  Chil¬ 
dren  fuffocated  by  crying,  infomuch  that  it  is  a-* 
common  Phrafe,  for  a  Child  to  cry  itfelf  to  death  j 
and  there  are  again  other  Inftances  of  People  to  be 
found  in  Authors,  who  have  been  fuffocated  by 
Laughter.  I  once  faw  the  Refpiration  fo  much 
obftrufted  by  a  profufe  Laughter,  that  the  jugular 
Veins  fwelled  greatly,  the  Brain  and  Cerebellum 
itfelf  beginning  to  be  overcharged  with  Blood, 
which  if  continued  might  have  induced  an  Apo¬ 
plexy  and  Death. 

4  Almoft:  an  infinite  Number  of  Organs  con- 
fpire  towards  the  Aft  of  Refpiration,  each  of  which 
ought  to  be  in  a  found  or  natural  State  for  the  due 
Continuance  of  that  Funftion  ;  even  there  is  hard¬ 
ly  the  leaft  Part  of  the  Body  which  has  not  Lome 
relation  to,  or  influence  upon  thefe  Organs.  Hi¬ 
therto  belong  the  threefold  vafcular  Syftem  of  the 
Lungs,  of  which  its  whole  Subftance  is  compofed, 
namely  the  pulmonary  Arteries,  which  are  as  it 
were  a  Continuation  of  the  right  Ventricle  of  the 
Heart ;  the  pulmonary  Veins,  which  are  in  a 
manner  a  Production  of  the  left  V  entricle  of  the  * 
Heart ;  laftly,  the  Air-veffels  of  the  Lungs, 
namely,  the  cartilaginous  Bronchia,  and  their  Ex- 
panfions  or  Veficles.  To  thefe  add  the  Thorax, 
Diaphragm,  Abdomen  and  its  Mufcles,  the  inter- 
coftal  Mufcles,  the  Ribs  and  their  firm  but  mo¬ 
veable  Articulations  ;  with  the  Vertebras,  the  Ster¬ 
num  and  Clavicles,  duly  fituated.  But  befides 
thefe,  to  voluntary  Refpiration  belong  the  Mu  feu-  ;■ 
lus  ferratus  pofticus  fuperior,  the  Subelavius,  the; 
Serratus  pofticus  inferior,  Rhomboides,  and  every 
one  of  the  Mufcles  moving  the  Scapula  and 
Ribs  ”,  to  which  add  the  Flexors  of  the  Neck, 
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which  come  into  the  Affiftance  of  the  former. 
From  this  Multiplicity  of  the  Organs,  it  is  evi¬ 
dent  why  fo  lew  underftand  the  Bufmefs  of  Refpi- 
ration  •,  for  moil  Phyficians  can  hardly  enumerate 
the  Names  of  thofe  Mufcles  which  are  fubfervient 
to  this  Aftion  ;  but  we  know  of  no  other  Caufe 
of  any  Aftion,  befides  the  Parts  themfelves  of  the 
human  Body,  by  which  the  Aft  ion  is  performed, 
the  Fabric  of  which  being  unknown,  it  is  not  pof* 
Able  for  one  to  underftand  their  Aft  ion.  The 
Clown  knows  as  well  as  the  moft  expert  Anatc* 
mift,  that  in  Refpiration  the  Thorax  is  dilated, 
and  the  Abdomen  fwelled  out ;  but  it  is  the  Bu- 
fmefs  of  the  Phyfician  to  know  what  are  the  Parts 
of  the  human  Body  which  perform  thefe  Motions, 
which  being  duly  performed  make  Health,  and 
which  being  injured  conftitute  Difeafe.  The  great- 
eft  Difficulty  in  the  Knowledge  of  Difeafes  refults 
from  the  Multiplicity  of  Organs  which  concur  to* 
wards  any  Aftion  or  Funftion,  the  whole  of  which 
is  difturbed  from  the  Injury  of  any  one  particular 
Part ♦,  whence  in  the  mean  time  it  is  very  difficult 
to  know  precifely,  which  of  the  numerous  Organs 
only  are  injured.  If  there  are  a  thoufand  Caufes 
concurring  to  produce  any  Funftions,  and  you 
are  unacquainted  with  but  one  of  them,  you  can¬ 
not  be  laid  to  perfectly  underftand  that  Funftion  ; 
nor  yet  can  you  reftore  the  loft  Health,  if  that 
Caufe  only  of  which  you  are  ignorant  ffiould  be  In 
fault. 


§.  602.  The  Lungs  being  fufpended  in  the 
open  Air,  which  has  free  Accefs  to  them  on 
all  Sides,  and  prefTes  upon  them  every  way 
equally  in  that  cafe  they  always  collapfe 
and  con tradf  themfelves  into  a  lefs  Space,  be- 
much  fmaller  in  Bplk  than  they  were, 

while 
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whileethey  remained- cntirg  in  the  Thorax 
this  we  are  taught  from  Anatomy  :  but  this" 
Change  is  produced  chiefly  by' the  Aflion  of. 
the  contradile  mufcular:  Fibres,  which  conned 
the  fijuatnofe  Segments  of  the  Bronchia  to  each- 
other. 


*  Prefling  equally  as  much  Upon  their  internal  as 
upon  their  external  Surface.  This  Experiment 
may  be  eafily  tried  in  the  Body  of  a  Perfon,  ex- 
tinguifhed  in  Health  by  fudden  Death:  Firft  re¬ 
move  the  Integuments  and  intercoftal  Mufcles,  be¬ 
ing  careful  to  avoid  wounding  the  Pleura  ;  and 
then  by  applying  a  Candle,  you  will  fee  through 
the  entire  Pleura,  that  the  Cavity  of  the  Thorax  is 
lefs  than  is  commonly  believed,  being  entirely  fill¬ 
ed  with  the  Lungs,  in  fuch  a  manner  that  there  is 
not  any  Air  betwixt  the  Lungs  and  the  Pleura. 
Since  therefore  in  this  State  of  the  Parts,  the  Air 
cannot  enter  into  the  Cavity  of  the  Thorax,  it  will 
be  at  reft,  and  by  its  Weight  prefs  the  Thorax  as 
well  as  the  Abdomen  againft  the  Lungs,  until  the 
Diaphragm  alcends  up  to  a  Line  drawn  through 
the  middle  of  the  Papillae  of  the  Breafts.  In  the 
next  place  fuddenly  perforate  the  Pleura,  and  the 
Air  will  immediately  and  continually  enter,  whence 
the  Lungs  on  the  perforated  Side  of  the  Thorax 
will  collapfe.  The  Caufe  of  its  Collapfion  is  this : 
The  Air  being  admitted  through  the  Wound  of 
the  Pleura,  is  of  the  feme  Denfity  with  that  ad¬ 
mitted  into  the  Cavity  of  the  Lungs  by  the  Mouth, 
whence  the  Lungs  will  be  in  Equilibrio  betwixt 
the  internal  Air  with  which  they  are  filled,  and 
the  external  Air  of  the  Atmolphere,  which  prefies 
upon  the  Thorax  without.  The  Air  therefore  ad¬ 
mitted  through  the  Wound  of  the  Thorax  is  very 
improperly  faid  to  have  comprefled  the  Lungs  by 
its  Weight;  for  we  knovy  from  Hydroftaticks, 

that 
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that  every  Solid  immerged  in  an  homogeneous 
Fluid,  receives  no  Alteration  in  its  Figure  *  but 
in  the  prefent  Cafe  it  is  manifeft,  that  the  Air  ad¬ 
mitted  into  the  Bronchia  refills,  fo  as  to  prevent 
the  Veficles  from  collapfing,  with  the  fame  Force 
with  which  they  are  comprefled  by  the  Air  with¬ 
out.  The  Caufe  then  of  the  Colkpfion  of  the 
Lungs  is  this,  namely,  in  a  found  Body,  they  are 
always  in  a  State  of  Violence,  being  more  expand¬ 
ed  by  the  Air  admitted  through  the  Glottis,  than 
they  would  be,  if  they  were  fufpended  out  of  the 
Thorax  in  the  open  Air  *,  for  the  Lungs  when  in 
Equilibrio  are  one  third  Fart  lefs  than  the  Cavity 
of  the  Thorax,  to  which  they  are  equal  in  the  li¬ 
ving  Animal,  and  than  which  they  are  even  larger  in 
a  State  of  Infpiration  ;  fince  they  burft  forth  thro* 
a  Wound  of  the  Thorax.  Therefore  the  Mufculi 
mefochondriaci  or  mufcular  Fibres  which  conned: 
the  cartilaginous  Segments  of  the  Bronchia,  are  al¬ 
ways  endeavouring  to  contrad  the  Lungs  into  a 
lefs  compafs,  fo  foon  as  the  Air  is  freely  admitted 
to  their  external  Surface,  fo  as  to  caufe  an  Equili¬ 
brium  betwixt  their  diftending  the  Lungs  internal¬ 
ly  and  that  comprefling  them  externally  ;  for  then 
the  Lungs  being  fet  at  liberty  from  their  expand¬ 
ing  Force,  are  contraded  into  a  lefs  compafs,  by 
the  Adion  of  the  Mufculi  mefochondriaci.  The 
Cartilages  of  the  Trachea  we  know  are  impeded 
or  membranous  behind  ;  and  we  alfo  know,  that 
the  Bronchia  and  their  Ramifications  are  made  up 
of  cartilaginous  Rings,  conneded  to  each  other  by 
whitilh  mufcular  Fibres  j  which  Fibres  fuffer  them- 
felves  to  be  expanded  by  the  Powers  which  dilate 
the  Thorax  and  Lungs,  by  which  means  the  ex¬ 
panded  Branches  of  the  Bronchia  are  elongated  ; 
but  when  that  dilating  Power  of  the  Thorax  ceafes, 
thofe  mufcular  Fibres  by  their  contradile  Force, 
dfaw  the  cartilaginous  Segments  of  the  Bronchia 
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towards  each  other,  whence  they  become  fhorter, 
and  confequently  t  he  Lungs  con  trad  them  felves  by : 
their  own  proper  Force,  that  is,  by  the  Adion  of 
thefe  Mufculi  mefochondriaci.  Hence  it  follows, 
that  Refpiration  is  not  properly  performed  by  any 
Adion  of  the  Lungs,  which  are  themfelves  paflive. 
They  are  not  the  Caule  of  Infpiration,  fince  they 
can  exert  no  other  Power  than  that  of  contracting 
themfelves :  Nor  are  they  the  Caule  of  Expira¬ 
tion,  for  the  Force  of  the  Air  rufhing  through  the 
Glottis  into  the  Lungs,  is  the  fame  with  the  Pref- 
fure  of  a  Column  of  Water  of  thirty-three  Feet; 
but  fo  great  a  Preffure  or  Weight  could  not  be  re¬ 
moved  by  the  Contraction  only  of  the  Mufculi 
mefochondriaci.  Since  therefore  the  Lungs  are 
perpetually  fuftained  in  a  fort  of  Vacuum  during 
the  Life  of  the  Animal,  they  will  continually 
yield  to  the  Preflfure  of  the  incumbent  Column  of 
Air ;  that  is,  they  will  be  perpetually  in  a  State 
of  Infpiration,  unlefs  there  is  an  alternate  Adion 
of  the  Caufes  which  produce  Expiration. 

§.  603.  If  the  Lungs  thus  contracted 
(§.  602.)  ar e  forcibly  1 filled  2  with  Air,  infla¬ 
ted  by  the  Glottis,  they  will  be  diftended  fo 
far  as  to  equal  the  Magnitude  which  they  had 
in  the  entire  Thorax,  and  may  be  even  forced 
to  much  exceed  that  Bulk,  as  we  are  taught 
by  Experiments. 

1  This  diftending  Force  may  be  determined  ma¬ 
thematically  thus :  Let  a  Bladder  full  of  Air  be 
fattened  ^to  the  Glottis  of  a  living  Animal,  and  let 
the  Blander ^  be  prefied  by  Weights  gradually  in- 
creafed,  until  the  Lungs  arrive  at  a  Diftenfiori 
equal  to  that  which  they  pofiefs  in  the  deepeft  Re¬ 
fpiration,  namely,  until  the  Diaphragm  is  thru  ft 
down  fo  low  as  to  form  a  Plane,  or  even  a  Con¬ 
vexity  towards  the  Cavity  of  the  Abdomen. 

In 
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1  In  a  living  Dog,  upon  which  the  Experiment 
before-mentioned  has  been  performed  (§.  602,),  let 
the  Ribs  be  broke,  and  the  Lungs  by  Inflation  at 
the  Larynx  may  be  diftended,  not  only  fo  as  to 
equal,  but  even  to  exceed  the  Cavity  of  the  Tho¬ 
rax,  which  they  filled  during  the  Life  of  the  Ani¬ 
mal  *,  the  Lungs  therefore  may  be  dilated  by  a 
Power  applied  to  the  internal  Surface  of  the  Lungs, 
while  nothing  dilates  them  externally. 


§.  604.  The  fame  Diftenfion  of  the  Lungs 
(§.  603.)  may  be  likewife  performed,  if  the 
Air  which  entered  through  the  Glottis  be  left 
in  the  Lungs ;  and  at  the  fame  time,  that  Air 
or  its  Preflure  is  removed1 ,  which  comes  in 
conta£t  with  the  external  Surface  of  the  Lungs, 
as  we  are  taught  by  the  Air-pump  of  Mr.  Boyle . 

x  This  Experiment  has  been  frequently  repeated, 
namely,  by  taking  the  Lungs  of  fome  young  living 
Animal  without  injuring  them,  and  then  infert  a 
Tube  furnifhed  with  a  Stopper  into  the  Wind-pipe, 
after  which  place  the  whole  Lungs  and  Wind-pipe 
in  a  hollow  Glafs  of  fuch  a  Shape,  that  the  Air 
may  be  from  thence  extracted  by  adapting  the  fame 
to  a  Pump,  taking  care  in  the  mean  time  to  pre¬ 
vent  any  of  the  external  Air  from  penetrating  into 
the  Cavity  of  the  Glafs,  except  through  the  Tube 
fattened  to  the  Lungs.  Thus  it  will  be  feen  that 
the  Lungs  continue  of  the  fame  Dimenflons,  fo 
long  as  they  are  encompaffed  in  the  Glafs  by  the 
atmofpherical  Air  ;  and  that  they  will  be  expanded 
by  blowing  into  them,  as  they  a  Ho  will  be  by  ex- 
trading  the  Air  out  ol  the  Cavity  of  the  Glafs, 
by  which  latt  Method  they  may  be  diftended  to  a 
-  much  greater  degree,  than  by  Inflation  with  the 
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Mouth.  This  Experiment  may  be  alfo  tried  in 
another  manner  with  a  Glafs  in  the  Shape  of  a 
Bell,  to  the  Neck  of  which  the  Wind-pipe  being 
fattened,  and  an  oiled  Bladder  expanded  and  fixed 
over  its  Bafis,  fo  as  to  be  moveable  by  a  String  ; 
then  by  drawing  down  the  Bladder,  the  included 
Lungs  will  dilate,  and  upon  letting  the  Bladder 
loofe  again,  it  will  by  the  Air  be  preffed  into  the 
Glafs ;  whence  the  Lungs  will  return  into  their 
former  Dimenfions.  For  when  the  Bladder  is 
drawn  down,  the  Air  filling  the  Glafs  is  expanded 
into  a  greater  Space,  or  becomes  rarified,  fo  as  to 
be  incapable  of  refilling  the  PrefTure  of  the  exter¬ 
nal  Air,  which  will  therefore  defcend  through  the 
Tube  into  the  Wind-pipe  and-  Lungs.  Hence 
then  there  are  evidently  two  Caufes  which  dilate 
the  Lungs.  The  firft  is  a  greater  PrefTure  of  the 
Air,  endeavouring  to  force  itfelf  into  the  Wind¬ 
pipe  and  Lungs,  than  is  refilled  by  the  external 
Air  placed  round  the  Lungs.  The  fecond  Caufe 
is  a  fort  of  Vacuum  made  between  the  Lungs  and 
Sides  of  the  Thorax,  while  at  the  fame  time  the 
Air  has  a  free  Entrance  into  the  Air-veffels  of  the 
Lungs.  The  firft  of  thefe  Caufes  does  not  ad  till 
after  Death.  For  Inftance,  when  you  open  the 
Wind-pipe  of  an  Animal  almoft  fuffocated  by 
drowning  in  Water,  and  force  Air  into  the  Lungs, 
by  a  Syringe,  in  that  cafe  the  Animal  revives ; 
and  there  is  no  doubt  but  the  Experiment  would 
fucceed  in  the  human  Species ;  whence  it  follows 
that  the  Lungs  are  paffive  in  Infpiration,  as  they 
give  way  to  the  Force  of  the  external  Air  coming 
through  the  Glottis.  We  are  furnifhed  with  fome 
notable  Inftances  of  Children  lately  fuffocated,  who 
have  been  reftored  to  Life  again,  after  a  very  ftrong 
Man  has  very  forcibly  blown  Air  through  their 
Noftrils .}  and  there  may  be  always  hopes  of  the 
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Succefs  of  this  Experiment,  when  Death  has  been 
lately  brought  on  by  fome  Accident,  while  the 
Organs  remain  entire  ;  as  for  Example,  when  the 
Mind  has  been  fuppreffed  by  Grief  and  profufe 
Crying ;  and  it  is  highly  probable  that  many 
might  be  preferved,  who  are  otherwife  loft  by 
Suffocation,  if  a  T ube  was  inferted  into  an  Open¬ 
ing  in  the  Wind-pipe.  But  we  are  even  furnilhed 
with  more  furprifing  Inftances  of  Perfons  brought 
to  Life  again  by  blowing  Wind  through  the  Anus, 
as  we  obferved  under  §.42.  N°.  2.  In  this  Ex¬ 
periment,  nothing  more  is  produced,  than  a  Pref- 
fure  in  the  Lungs  exceeding  that  of  the  external 
Air.  — But  the  other  of  the  two  Caufes  of  Ref¬ 
piration  is  natural,  namely,  a  fort  of  Vacuum 
formed  by  the  Dilatation  of  the  Thorax,  whence 
the  Lungs  are  expanded. 

§.  605.  From  hence  it  is  evident,  that  the 
Lungs  always  endeavour  1  by  their  natural 
Force  to  contract  themfelves  in  every  Point 
into  lefs  Dimenfions,  than  thofe  which  they 
poffefs  during  the  time  of  their  Confinement 
within  the  entire  Thorax  5  and  hence  again 
they  appear  to  be  always  in  a  State  of  Violence 
or  Diftradtion  during  the  Life  of  the  Animal  $ 
and  therefore  they  collapfe  and  fhrink  up  into 
a  lefs  compafs  when  the  whole  Animal  is  in¬ 
cluded  in  a  Boy  lean  V acuum  2. 

1  The  Lungs  in  a  living  Animal  are  always 
more  expanded,  than  they  would  be  if  left  to 
themfelves  in  the  open  Air,  whence  it  follows  that 
during  Life  they  are  in  a  State  of  Violence,  for  fo 
we  call  that  State  of  any  Body,  which  refults  not 
from  the  Nature  of  the  Body  itfelf,  but  from  fome 

other 
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other  Caufe  exiding  without  the  Body  ;  and  on  the 
contrary,  we  call  the  natural  State  that  which  any 
Body  acquires  fpontaneoufly  without  the  Aflidance 
of  any  other.  The  Lungs  therefore  in  a  living  Ani¬ 
mal  are  always  larger,  or  expanded  into  a  greater 
compafs  than  they  would  be  if  the  external  Air  was 
admitted  into  the  Cavity  of  the  Thorax.  This 
may  be  eafily  demondrated  in  the  dead  Body  of 
any  Perfon  or  other  Animal ;  for  you  will  perceive 
the  Diaphragm  prefled  up  on  all  Sides  into  the 
Thorax,  fo  as  to  reduce  its  Cavity  and  Bulk  of 
the  Lungs  into  the  lead  compafs :  but  if  in  this 
cafe  you  perforate  the  intercodal  Mufcles,  this  ve¬ 
ry  fmall  Cavity  of  the  Thorax  will  of  a  fudden  be 
greatly  increafed,  and  the  Lungs  will  become  dill 
fmaller,  contrading  themfelves  towards  the  Spine. 
But  in  this  Cafe  nothing  more  is  done  but  a  Redi- 
tution  of  the  equable  Preflure  betwixt  the  Air  en¬ 
tering  the  Glottis,  and  that  which  is  now  a  free 
Accefs  to  the  Lungs  externally.  The  Lungs  there¬ 
fore  contract  themfelves  into  a  fmaller  compafs  by 
their  own  innate  Force,  after  they  have  been  extend¬ 
ed  into  a  greater  Bulk  by  the  Air  which  entered 
through  the  Wind-pipe.  But  even  the  Lungs  in 
a  living  Animal  collapfe  in  the  fame  manner,  after 
the  external  Air  is  freely  admitted  into  the  Cavity 
of  the  Thorax  ;  and  therefore  it  follows,  that  the 
Lungs  are  continually  endeavouring  to  contrad 
themlelves  into  a  lels  compafs,  and  that  they  never 
drive  to  enlarge  themfelves.  But  how  then  are 
the  Lungs  filled  with  that  Air,  againd  which  they 
naturally  refid  and  contrad  themfelves  ?  We  know 
the  Preffure  of  the  Atmofphere  which  itnpells  the 
Air  through  the  Glottis  into  the  Lungs,  is  equal 
to/ the  Preflure  of  a  Column  of  Water  of  thirty-" 
two-  Feet  V  but  a  cubical  Foot  of  Water  weighs  ' 
ate9ft  i  "four  .'Pounds,  and  therefore  '  the  Co-r- 
!  lumn 
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lumn  prefting  upon  the  Mouth  of  the  Wind-pipe* 
exerts  a  great  Weight,  which  the  Mufculi  mefo- 
chondriaci  are  not  able  to  refift.  But  this  Weight 
of  the  Air  is  of  the  laft  Neceftity  to  preferve  Life 
and  Health.  For  we  perifh  much  fooner  in  a  light 
Air.  Hence  we  may  be  able  to  under  Hand  the 
Nature  of  that  Afthma,  in  which  the  contra&ile 
Force  of  the  Mufculi  mefochondriaci  is  increafed 
to  double  ;  for  in  that  cafe  the  Patient  is  obliged  to 
pant  or  breathe  fhort,  to  expedite  the  Entrance  of 
the  Air  into  the  Lungs.  But  there  is  another  Spe¬ 
cies  of  Afthma  like  this,  which  refults  from  a  Con* 
tra&ion  of  the  Diaphragm. 

1  That  is  to  fay,  a  glafs  Veflel  from  whence  all 
the  Air  has  been  extrafted  within  the  Power  of 
our  Machines ;  for  notwithstanding  the  Endea¬ 
vours  of  our  Mechanics,  they  are  not  able  to  pro* 
cure  a  perfect  Vacuum,  but  near  one  thirtieth  Part 
of  the  Air  will  remain,  whence  a  Barometer  whole 
bottom  Part  is  open  to  the  Vacuum,  always  remains 
fufpended  at  fome  fmall  Height,  at  leaft  in  my 
Experiments.  In  fuch  a  Vacuum  therefore  the 
Lungs  within  the  Thorax  of  an  Animal,  are  not 
able  to  fill  its  Cavity,  nor  expand  themfelves,  but 
collapfe  together  into  a  fmall  compafs,  whence  the 
Animal  expires  in  a  fhort  time  \  yet  fo  that  he  may 
be  eafily  revived  again  upon  admitting  frefh  Air* 
From  hence  I  infer,  that  the  Lungs  are  always 
larger  than  they  would  be  out  of  the  Thorax,  that 
is,  when  as  great  a  Prefiure  is  applied  to  their* 
external  Surface  by  the  Atmofphere,  as  that  exerts* 
to  expand  them  internally.  The  Caufe  therefore: 
which  keeps  the  Lungs  in  a  State  of  V  iolence,  is 
the  Air  freely  admitted  through  the  Glottis  into^ 
the  Bronchia  and  Veficles  of  the  Lungs,  while  on 
the  other  hand,  they  are  not  compreffed  by  the 
external  Air  preffing  upon  their  Surface  >  nor  can 
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the  atmofpherical  Air  compreis  the  Lungs,  while 
they  are  confined  in  the  Thorax,  becaufe  of  the 
Refiftance  which  the  Sternum,  Spine,  and  arched 
Ribs  afford  by  their  Connection  to  each  other.  " 

§.  606.  For  in  reality  there  is  no  Air  >  like 
that  of  the  Atmofphere,  naturally  contained 
in  any  Part  of  the  Thorax,  betwixt  the  Pleura 
and  the  external  Membrane  of  the  Lungs 
throughout  their  whole  Extent ;  there  is  there- 
fore  nothing  to  comprefs  the  Lungs  externally 
but  the  Diaphragm  j  in  the  mean  time  the  Air 
being  always  freely  admitted  through  the  Glot¬ 
tis,  .  will  be  continually  prefent  in  the  Lungs, 
which  will  be  therefore  always  a  little  more 
extended  by  the  internal  Air,  than  they  are 
comprejjed  2  by  the  external  Air  excluded  by 
fhe  Diaphragm,  Ribs,  Vertebra,  &c.  fo  that 
it  cannot  enter  the  Thorax,  fufficient  to  pro¬ 
duce  an  Equilibrium  3. 

’  The  Cavity  of  the  Thorax  is  altogether  no¬ 
thing  in  the  living  Animal,  nor  is  there  any  Ca¬ 
vity  naturally  exifting  in  the  Pericardium  •,  for  the 
Air  rufhing  into  the  dilatable  Lungs,  prefies  them 
lb  clofe  to  the  Pleura,  that  there  is  no  Space  left 
betwixt  the  internal  Face  of  that  Membrane  and  . 
the  external  Surface  of  the  Lungs,  either  filled 
with  Air  or  containing  nothing  ;  for  it  cannot  be 
a  Vacuum  becaufe  an  empty  Space  having  no  Re- 
fiftance,  the  Air  entering  the  Wind-pipe  and 
Lungs,  would  continually  urge  them  clofe  to  the 
Ribs,  fo  as  to  occupy  that  Space.  But  if  there  is 
no  Vacuity  or  empty  Space  in  the  Thorax,  it  is 
ftill  more  evident  that  it  contains  no  Air.  Helmont 
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indeed,  who  thinks  different  from  the  reft  of  Man¬ 
kind,  fays,  the  Thorax  contains  Air,,  which  he 
will  have  to  to  be  received  through  the  Pores  of 
the  Lungs  but  we  jfiball  all  along  demonftrate, 
that  there  is  no  fuch  Air  contained  in  the  Thorax* 
and  that  if  any  thing  interpofes  betwixt  the  Lungs 
and  Pleura,  it  is  a  moift  Vapour  tranfuding  thro9 
each  Membrane,  and  ferving  to  prevent  them 
from  drying  or  concreting  to  each  other,  as  they 
always  do  upon  being  dry,  as  we  conftantly  ob- 
ferve  where  a  Pleurify  has  been  feated  ;  for  the 
Pleura  being  rendered  imperfpirable  adheres  to  its 
contiguous  Lungs.  Hence  therefore  there  is  nei¬ 
ther  Cavity  in  the  Heart  or  Pericardium,  but  the 
Space  which  feems  to  be  in  thefe  Parts  in  dead 
Bodies,  is  owing  to  the  admitted  Air.  For  fince 
in  the  living  Animal  the  Lungs  fill  the  whole  Ca¬ 
vity  of  the  Thorax,  and  fince  the  Pericardium  con¬ 
tains  no  elaftic  Air  to  hinder  their  Expanfion  by 
the  external  Air,  the  Pericardium  will  be  therefore 
preffed  by  them  againft  the  Heart  with  fo  great  a 
Force,  that  nothing  can  be  left  between,  except 
the  exhaling  Moifture  which  prevents  their  Con¬ 
cretion. 

1  The  Ribs  are  formed  into  Arches,  fo  as  to 
keep  off  the  Preffure  of  the  external  Air  from  the 
Pleura,  which  can  therefore  aft  only  upon  the 
Diaphragm ;  but  this  mufcular  Partition  is  con- 
nefted  on  all  Sides  to  the  Cartilages  of  the  Ribs* 
before  to  the  Sternum,  and  behind  to  the  Loins, 
fo  that  it  cannot  enter  into  the  Thorax  beyond  the 
degree  which  is  permitted  by  its  Connection  with 
the  Ribs  and  Sternum.  But  the  external  Air  com- 
preffes  the  Abdomen  with  the  fame  Force  with 
that  which  is  exerted  by  the  internal  Air  to  expand 
the  Lungs ;  and  therefore  the  Diaphragm  muft 
from  hence  be  preffed  as  much  as  its  Connection 
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will  permit  into  the  Cavity  of  the  Thorax.  This 
may  be  more  eafily  underftood  by  confidering  the 
Diaphragm  as  a  Bladder,  whofe  Vertex  cannot 
afcend  any  higher  than  its  Bafis  permits ;  but  in 
the  Lungs  there  is  always  lome  Air  equally  ela* 
flic  and  heavy  with  that  of  the  Atmofphere, 
whence  they  will  be  more  dilated  than  compreffed, 
becaufe  the  Diaphragm  cannot  enter  the  Thorax 
with  the  whole  Force  which  is  exerted  by  the 
Prefiure  of  the  Atmofphere  upon  the  Abdomen, 
whence  it  cannot  equally  refill  the  Air  in  the  Lungs’ 
received  into  them  by  the  Glottis  and  Wind-pipe  ; 
and  this  happens,  becaufe  the  Diaphragm  is  not 
permitted  by  its  fixed  Points  to  afcend  into  the 
Thorax  beyond  a  Line  drawn  through  the  Papilla; 
of  the  Breafts,  in  which  Part  we  fee  that  Wounds 
inflifted  at  the  time  of  the  molt  violent  Expiration, 
penetrate  into  the  Cavity  of  the  Thorax  ;  and  on 
the  other  hand,  the  Defcent  of  the  Diaphragm  is 
determined  by  the  Refinance  of  the  Mediaftinum, 
which  fullains  the  Pericardium,  and  is  largely 
and  firmly  connected  to  the  Diaphragm. 

1  This  is  fomewhat  obfcure  and  deferves  to  be 
cleared  up.  The  Lungs  then  left  to  themfelves, 
are  by  the  ambient  Air  reduced  into  a  lefs  com- 
pafs  than  that  which  they  occupied  in  the  Thorax 
of  the  dead  Animal ;  but  in  a  dead  Body  the  Dia¬ 
phragm  is  prefied  as  far  into  the  Thorax  as  its 
Connection  can  poffibly  permit,  becaufe  the  Air 
having  free  accefs  prefles  it  into  the  Thorax  with  a 
great  Force,  there  being  at  that  time  no  Refiftance 
from  the  infpired  Air  ;  whence  it  i$  that  in  a  dead 
Body  the  Lungs  are  always  very  fmall,  and  yet  do 
they  contract  into  a  much  lefs  com  pa.  fs  by  admit- 
ting  the  external  Air.  Even  in  People  who  have 
expired  of  an  Afcites,  when  the  Water  filling  the 
Abdomen  has  preffed  the  Diaphragm  upward,  To 
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as  almoft  to  fuffocate  the  Patient ;  even  in  fuch  Bo¬ 
dies  the  Lungs  contract  themfelves  into  a  much 
fmaller  com  pals,  by  admitting  the  external  Air 
through  Perforations  in  the  Thorax.  The  Air 
therefore  prefling  upon  the  Diaphragm  cannot  urge 
the  Lungs  into  fo  fmall  a  compafs  as  they  contradl 
themfelves  into  in  the  open  Air ;  and  therefore 
there  cannot  be  an  Equilibrium  equally  produced 
betwixt  the  Powers  comprefling  the  Lungs,  and 
the  diftending  Pores  of  the  external  Air,  entering 
through  the  Glottis. 

§.  607.  This  Truth  (§.  606.)  which  is  of 
the  utmoft  Confequence  towards  the  Dodtrine 
of  Refpiration,  is  moft  evidently  demonftrated 
from  Anatomy 1  ;  from  the  Production  and 
Increafe  of  the  Fcetns  2  in  the  Womb,  as  well 
as  from  the  Growth  of  the  Infant  after  the 
Birth  ;  from  inflating  the  Lungs;  from 
Jf^ounds  3  penetrating  the  Cavity  of  the  Tho¬ 
rax,  either  in  one  or  both  Sides,  caufing  a  Col- 
lapfion  of  the  Lungs,  and  preventing  their 
Dilatation ;  but  more  efpecially  and  plainly 
does  it  appear  from  the  celebrated  Experiments 
of  Hooke  4 ;  as  alfo  from  infpedting  the  Dia¬ 
phragm,  while  the  Thorax  remains  entire  in 
a  dead  Body,  for  the  Diaphragm  appears  hol¬ 
low  towards  the  Abdomen,  being  thruft  up¬ 
wards  into  the  Thorax  with  a  great  Force; 
alfo  becaufe  the  Air  being  admitted  through  a 
Wound  into  the  Cavity  of  the  Thorax,  the 
Diaphragm  is  immediately  relaxed,  collapfes 
downward  and  recedes  from  the  Thorax, 
whofe  Cavity  is  thus  enlarged.  Finally,  the 
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Truth  of  this  is  demonftrable  to  the  Eye, 
through  the  pellucid'  Pleura  in  a  living  Ani¬ 
mal,  while  the  Thorax  remains  entire,  and 
the  other  Integuments  are  removed. 

1  Anatomy  demonilrates  that  no  Air  is  contain¬ 
ed  in  the  Thorax,  whofe  Integuments  being  re¬ 
moved  without  opening  its  Cavity,  (as  may  be  mod 
commodioufly  performed  in  a  Rabbet,  whofe  Pleu¬ 
ra  is  very  pellucid  ;)  you  will  then  fee  with  the  na¬ 
ked  Eye  that  the  Pleura  comes  into  contact  below 
with  the  Diaphragm,  laterally  with  the  Lungs, 
and  behind  with  the  Pericardium  and  QEfophagus. 
If  there  was  any  Air  betwixt  the  Pleura  and  the 
Lungs,  however  final!  in  quantity,  it  would  ne¬ 
vertheless  occupy  a  Space  fufficient  to  feparate  the 
Lungs  from  the  Pleura,  fo  as  to  prevent  them 
from  coming  into  contact.  Thus  alfo  in  a  dead 
Body  which  has  been  fuffocated  or  drowned,  there 
never  appears  any  Diftance  between  the  Pleura 
and  Lungs,  but  the  Thorax  is  every  where  per¬ 
fectly  full. 

*  There  was  a  time  when  the  Lungs  of  the  Foe¬ 
tus  were  no  larger  than  a  Grain  of  Sand  *,  but  in  a 
mature  Foetus  of  nine  Months,  the  Lungs  are 
grown  much  larger  ;  and  yet  do  not  the  Lungs  of 
the  Foetus  admit  any  Air  before  the  Birch.  This 
is  readily  granted  by  all,  and  eafily  demonftrated 
from  the  fpecific  Gravity  of  the  Lungs  in  a  Foe¬ 
tus,  which  fink  in  Water  *,  whereas  the  Lungs  of 
an  Adult  never  fink,  nor  can  they  be  fo  far  ex- 
haufted  of  Air,  even  by  the  Pump,  as  to  caufe 
them  to  fink  in  Water  \  hence  therefore  it  follows, 
that  there  could  be  no  Air  in  the  Cavity  of  thq. 
Thorax  in  a  Foetus.  Even  if  Air  could  enter  into 
the  Thorax  of  a  Foetus,  it  would  be  immenfely 
jrarified  and  expanded,  for  want  of  being  compref- 
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fed  by  the  circumjacent  external  Air ;  nor  would 
it  ever  permit  the  external  Air  to  enter  into  and 
expand  the  Lungs,  with  that  Force  which  we  ob- 
ferve  at  the  Birth  of  the  Infant.  But  after  the 
Birth  of  the  Infant,  when  it  begins  to  breathe, 
even  then  the  Air  cannot  penetrate  into  the  Cavity 
of  the  Thorax  ;  fmce  the  Lungs  will  fooner  burft 
than  tranfmit  Air  through  their  Subftance  either 
by  Inflation  or  the  Pump.  Add  to  this,  that  if 
the  Lungs  had  Pores  fuflicient  to  tranfmit  Air  into 
the  Thorax,  we  fhould  not  be  capable  of  inflating 
them;  for  we  fee  among  Children,  that  nothing 
can  perplex  them  more  than  when  fome  mif- 
chievous  Lad  having  pun£tured  a  Bladder,  they 
in  vain  attempt  its  Inflation.  Nor  can  Air  pene¬ 
trate  the  Thorax  either  through  the  Diaphragm 
or  any  other  way  ;  for  in  no  Part  of  the  human 
Body  do  we  meet  with  atmofpherical  Air :  and 
therefore  it  follows  that  if  we  can  find  no  Air  in 
the  Cavity  of  the  Thorax,  either  of  the  Foetus  or 
of  the  Infant  after  Birth,  there  muft  confequently 
be  no  Air  refident  betwixt  die  Lungs  and  the 
Pleura. 

*  This  is  an  Experiment  of  Galen ,  who  took  it 
from  Herophilus ,  who  have  been  alfo  followed  by 
Vefaltusy  all  of  them  making  their  Experiments 
upon  Hogs.  Having  tied  down  this  noify  Anir 
mal  on  its  Back  on  a  Table,  they  removed  the 
common  Integuments  and  intercoftal  Mufcles,  fo 
as  to  difcover  the  Membrane  of  the  Pleura,  fo 
however  as  to  preferve  it  entire,  but  denudating  it 
fb  far  that  by  the  Approach  of  a  Candle,  the 
Lungs  might  be  feen  through  the  pellucid  Pleura, 
In  this  Condition  the  Anima),  who  is  other  wife 
clamorous  enough,  roars  out  violently,  and  the 
intent  Anatomift  may  fee  the  Lungs  and  Pleura, 
together  with  the  Diaphragmy  coming  together 
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into  contact  without  any  intermediate  Space.  But 
if  now  the  Pleura  is  perforated  with  a  Iharp  Seal* 
pel,  the  Air  fuddenly  rufhes  with  a  kind  of  Noife 
into  the  Thorax,  fo  as  to  comprefs  the  -Lungs, 
and  ftop  its  A&ion  on  that  Side,  while  the  Animal 
continues  to  breathe  with  the  Lungs  contained  in 
the  other  Side  of  the  Thorax,  but  as  quick  again, 
and  with  the  Lofs  of  half  the  Strength  of  the 
Voice ;  fince  the  Lungs  on  the  perforated  Side  of 
the  Thorax  are  quiefeent.  If  now  again  the  other 
Side  of  the  Thorax  be  perforated,  then  that  half 
of  the  Lungs  will  alfo  ceafe  to  move,  and  the  Ani¬ 
mal  inftantly  dies,  from  an  entire  Suppreffion  of 
the  Refpiration.  In  the  fame  manner  when  in 
Wounds  of  the  Thorax,  the  Air  paffes  from  one 
Side  to  the  other.  Blood  being  alfo  extravafated  on- 
one  Side,  in  that  cafe  the  Surgeon  making  a  Pa- 
racentefis  on  the  intire  Side  of  the  Thorax  to  dif~ 
charge  the  Blood,  the  Patient  unfortunately  ex¬ 
pires  under  his  Hands,  as  being  deprived  of  the 
Ufe  of  both  Sides  of  the  Lungs.  Hence  we  con¬ 
clude,  that  there  is  no  Air  naturally  contained  be¬ 
twixt  the  Pleura  and  the  Lungs  in  a  found  Ani¬ 
mal  *,  for  if  there  was  the  lead  quantity  it  would 
comprefs  the  Lungs  on  all  Sides  in  the  living 
Animal,  in  the  fame  manner  as’  it  compreffes 
them  after  Death,  when  it  has  been  admitted 
through  a  Wound  of  the  Pleura  *,  for  certain  it  is, 
that  the  Elafticity  of  the  Air  is  equal  to  the 
Weight  of  the  whole  Atmofphere,  as  we  are  affu- 
red  from  the  Experiments  of  Mr.  Boyle. 

4  This  is  indeed  a  beautiful  Experiment,  and 
well  adapted  to  give  a  true  Infight  into  the  Naj- 
ture  of  Refpiration  :  even  if  we  had  it  in  our  Pow¬ 
er  to  make  fuch  Experiments  towards  explaining 
all  the  other  Functions  of  the  Body,  we  could 
eafiiy,  demonftrate  and  expound  each  of  thernr, 
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This  induftrious,  but  melancholy  Gentleman,  laid 
Before  the  Royal  Society  met  together,  a  living 
Dog  tied  down  upon  his  Back  to  a  Table,  after 
which  he  opened  the  Thorax  on  each  Side  inftant- 
ly  with  one  Cut  by  a  jfharp  Scalpel,  and  cutting 
off  the  Ribs  with  a  Pair  of  fharp  ScifTars,  the  Lungs 
appeared  (Sol  lap  fed  and  the  Animal  feemed  to  be 
dying.  After  the  Dog  feemed  to  be  dead,  the 
Integuments  of  the  Throat  were  divided,  and  a 
Tube  inferred  into  the  Wind-pipe,  through  which. 
Air  being  inflated  by  a  Pair  of  Bellows  into  the 
Lungs,  the  Animal  revived  ;  upon  continuing  to 
inflate  the  Lungs,  fo  as  to  keep  them  at  reft  equal¬ 
ly  diflended,  the  Animal  again  feemed  to  be  dy¬ 
ing  *,  and  again,  when  the  Animal  was  almoft 
dead,  by  inflating  the  Lungs  with  the  Bellows, 
the  Dog  always  revived,  opened  his  Eyes,  moved  , 
various  Mulcles,  and  the  Blood  then  pafling  thro* 
the  Lungs  excited  the  Heart  to  renew  its  Contra¬ 
ctions.  After  he  had  left  the  Lungs  for  lome  time 
collapfed,  the  Animal  feemed  to  be  dying,  and 
continued  to  expire  though  his  Lungs  were  ftill 
inflated  *,  but  then  again  he  diflended  the  Lungs 
more  fwiftly,  by  renewing  the  Motion  of  the  Bel¬ 
lows,  and  by  perforating  the  Lungs  with  a  fmall 
Lancet,  into  the  Cavity  of  their  Bronchia,  the  in¬ 
flated  Air  continually  efcaped  through  the  Pun¬ 
ctures,  and  the  Dog  appeared  to  revive.  In  this 
manner  he  cau fed  the  Animal  to  be  dying,  and 
revived  him  alternately  for  twelve  times  together, 
keeping  him  betwixt  Life  and  Death.  From  this 
Experiment  it  is  manifeft,  that  the  whole  AClion  of 
the  Lungs  confifts  in  changing  the  Magnitude  and 
Figure  of  the  Air- veflels,  which  being  alternately 
increafed  and  diminifhed,  procure  a  free  Paflage  to  • 
the  Blood  through  the  Lungs ,  which  would  not  be 

able- 
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able  to  pervade  this  Vifcus  if  they  were  continually 
maintained  in  the  fame  State  of  Reft  by  the  Air.  1 

§.  608.  Since  therefore  at  the  time  of  Infpi- 
ration,  the  Air  enters  in  a  larger  Quantity  « 
through  the  Glottis  into  the  Lungs  than  be¬ 
fore,  it  will  extend  them  into  larger  Dimen- 
fions  (§.  603.),  will  overcome  their  natural 
contradile  Force  (§.  605.),  and  confequently 
in  this  Action  the  Lungs  will  be  paffive, 

‘.Take  a  Bladder  full  of  Air,  in  which  is  fatten¬ 
ed  a  Tube  ;  if  now  you  apply  your  Lips  clofe  to 
the  Tube,  clofing  the  Noftrils,  you  will  fee  the 
Bladder  collapfe  in  proportion  as  the  Air  is  recei¬ 
ved  out  of  it  into  the  Lungs  ;  and  this  quantity 
of  Air  may  be  meafured  by  thofe  cylindric  Vefiels 
which  are  ufed  for  Air-pumps.  But  all  this  Air 
continues  in  the  Air-veffels  of  the  Lungs,  fince 
the  fanguiferous  Parts  of  this  Vifcus  admit  no  Air  ; 
and  therefore  the  more  Air  is  infpired,  fo  much 
the  greater  will  be  the  Capacity  or  Dimenfions  of 
the  Air-veffels  of  the  Lungs.  Now  in  order  to 
the  Performance  of  this,  it  is  neceffary  for  the 
Lungs  at  the  time  of  Infpiration  to  be  either  infla¬ 
ted  or  lefs  preffed,  fince  there  is  no  other  Method 
by  which  the  Lungs  can  be  expanded.  But  the 
latter  of  thefe  is  the  true  manner  of  Xnfpiration  ^ 
for  in  breathing  I  do  not  prefs  the  Air  into  my 
Lungs,  but  by  dilating  the  Capacity  of  the  Tho¬ 
rax,  I  diminifh  the  Refiftance  or  Caufes  compref- 
fing  the  Thorax.  Hence  it  follows  that  Refpira¬ 
tion  is  performed  by  the  Power  of  the  Thorax,  and 
not  by  that  of  th^  Lungs  ^  and  therefore  it  now  re¬ 
mains  for  us  to  explain  in  what  manner  the  Dila- 
tatiop  of  the  Thorax  is  performed. 
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§.  609.  By  obferving  Infpiration  in  a 
living  Perfon  more  efpecially  in  one  who 
is  fleeping,  we  perceive,  firft,  that  the  Ribs, 
efpecially  the  nine  uppermoft,  continuing  2 
in  their  Articulations  with  the  Vertebrae, 
and  in  their  Connexion  with  the  Cartila-. 
ges  adhering  to  the  Sternum,  do  rife  up 
with  their  arched  3  Parts  towards  the  Cla¬ 
vicles  4,  in  fuch  a  manner  that  their  Motion 
is  chiefly  to  be  obferved  in  the  middle  of  the 
Arch ;  but  the  three  or  four  lowermojl  5  Ribs, 
are  at  the  fame  time  moved  downward  and  a 
little  obliquely  outwards,  but  fo  that  the  fe- 
venth,  eighth,  ninth  and  tenth  of  the  Ribs 
with  their  cartilaginous  Extremities,  are  as  it 
were  drawn  inward 6.  2.  At  the  time  the 

whole  Abdomen  7  fwells  vifibly  by  degrees, 
during  the  whole  Infpiration,  and  is  thruft 
ftrongly  outwards.  3.  At  the  fame  inftant 
alfo  the  Capacity  of  the  Thorax  is  increaied, 
as  is  evident  to  the  Eye  8,  by  meafuring  it  9 
with  a  String  or  in  a  Bath  IO,  efpecially  by 
confidering  the  mechanical  Figure,  Situation, 
Connexion,  and  Articulation  of  the  Ribs, 
which  are  difpofed  to  form  the  Thorax  with 
great  Artifice;  concerning  which  you  may 
confult  the  Demonftrations  of  Borelli  11 , 

1  I  have  frequently  made  Obfervations  upon 
the  Refpiration  of  Men  arid  Infants  fleeping  naked 
in  the  Summer-time,  and  alio  in  lean  Dogs  deep-* 
ing  by  the  Fire- fide.,,  whole  Ribs  might  be  very 
plainly  feeh  as  they  moved  i  for  it  Is  better  to  con*. 


§ 
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fider  this  A&ion  in  the  time  of  Sleep,  that  the  vi¬ 
tal  Motion  herein  concerned,  may  not  be  difturbed 
by  the  animal  Motions. 

*  ,  Yr  _ 

,  1  The  Ribs  remain  articulated  to  the  Vertebrte 
in  this  A &ion,  becaufe  their  Ligaments  do  not 
permit  them  to  recede ;  nor  yet  are  they  ever  fe- 
parated  from  the  Sternum. 

3  They  intercept  an  Arch  betwixt  that  Part 
which  is  articulated  with  the  Vertebrae,  and  their 
cartilaginous  Extremities. 

4  Towards  the  Clavicles  in  Man,  but  in  Dogs 
they  move  towards  the  Axillae. 

5  Obferve  a  lean  Infant  in  a  profound  Sleep, 
and  you  will  perceive  the  nine  uppermoft  Ribs 
arife  flowly,  ftrongly  and  equably  upwards  •,  while 
the  lowermoft  Ribs  in  fome  meafure  defcend  down¬ 
ward,  and  obliquely  backward  or  outward  from 
the  Diaphragm,  which  in  that  Part  is  very  flelhy. 
All  the  Ribs  therefore  do  not  afcend  as  is  com¬ 
monly  imagined ;  and  for  this  Reafon  it  is  that 
Nature  has  made  the  intercoftal  Mufcles  after  a 
different  manner  ;  but  while  the  upper  Ribs  afcend, 
the  lowermoft  defcend  ;  and  fince  at  that  time  the 
Ribs  are  thruft  outward,  fo  as  to  recede  from  the 
Middle  or  Center  of  the  Thorax,  therefore  the 
Diftance  betwixt  each  Rib  will  be  increafed,  the 
Thorax  will  be  elongated  and  its  Capacity  enlarged. 

6  The  cartilaginous  Extremities  of  thefe  Ribs  are 
thruft  inward  in  the  moft  violent  Infpirations,  as 
in  thofe  who  are  dying  for  then  Nature  ufes  all 
means  to  dilate  the  Thorax,  and  propel  the  Blood 
through  the  Lungs  t,  for  Death  cannot  take  place 
before  the  Courfe  of  the  Blood  is  interrupted  thro’ 
the  Lungs  from  the  right  Ventricle  to  the  left.  In 
thefe  Agonies  therefore  the  Neck,  Scapulre,  Cla¬ 
vicles,  Back  and  Abdomen  labour  together  by  their 
conjunct  Powers  in  a  fotprifing  manner,  to  enlarge 


the  Capacity  of  the  Thorax, 


After 
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7  After  you  have  expired  the  Air  from  your 
Lungs,  take  hold  of  your  Waiftcoat  with  your 
Hand  upon  the  Abdomen,  and  you  will  perceive 
that  during  Infpiration  the  Abdomen  will  fwell  and 
force  the  Cloaths  out  of  your  Hand.  For  at  the 
time  of  Infpiration  the  whole  Lungs  are  inflated, 
the  Capacity  of  the  Thorax  is  dilated,  and  at  the 
fame  time  the  Diaphragm  defends  towards  the 
Abdomen,  whofe  Cavity  is  therefore  diminilhed, 
and  its  Vifera  compreffed  at  that  inftant. 

8  This  is  an  Experiment  which  I  have  frequent* 
]y  tried  upon  myfelf.  At  the  time  of  Expiration 
let  a  String  be  carried  round  the  Thorax,  and  then 
let  the  Air  be  flrongly  infpired,  by  which  means 
you  will  fee  how  much  more  of  the  String  is  re¬ 
quired  to  encompafs  the  dilated  Thorax  ;  and  that 
additional  Portion  of  the  String  will  be  the  Mea- 
fure  determining  the  Dilatation  of  the  Thorax. 

9  In  the  Hound  of  that  Species  which  run  be¬ 
fore  the  Wind,  the  Thorax  is  large,  but  the  Ab¬ 
domen  is  as  it  were  cut  out,  and  the  more  com¬ 
prefled  as  the  Dog  is  fitter  for  the  Courfe  ^  and  in 
fuch  a  one  we  may  fee  the  Thorax  dilate  at  the 
time  of  Infpiration,  the  Abdomen  receiving  fcarce 
any  Alteration. 

10  If  you  fix  yourfelf  to  a  Beam  in  a  Bath  fo  as 
to  be  immoveable,  without  caufing  the  Water 
either  to  afend  or  defend  with  a  fluctuating  Mo¬ 
tion,  and  then  gradually  breathe  in  the  Air,  the 
Water  will  rife  proportionably  in  the  Vefiel.  For  as 
the  Bulk  of  the  Thorax  is  increafed  by  the  infpired 
Air,  the  Water  will  be  obliged  to  afend  higher  ; 
but  will  fall  again  to  its  former  Mark  when  you 
have  breathed  out  the  Air.  By  this  means  the 
Difference  betwixt  the  two  Marks  pointed  out  by 
the  Rife  and  Fall  of  the  Water  will  determine  the 
Quantity  and  Space  taken  up  by  the  Enlargement 
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of  the  Thorax  in  Infpiration,  beyond  what  obtain¬ 
ed  in  Expiration.  But  at  the  fame  time  the  Ab- 
Aomen  will  fwell  downward  confiderably,  from 
the  Dilatation  of  the  Thorax  and  Defcent  of  the 
Diaphragm.  oeH  ,  1o  3  .fisolD  g- 
11  The  Ribs  feem  to  be  Bodies  of  no  moment, 
but  if  you  approach  near,  you  will  not  perceive 
any  one  of  the  twelve,  but  what  correfponds  with 
the  reft  in  Fabric,  Direction,  Magnitude,  the 
mutual  Connexion  of  their  cartilaginous  Extremi¬ 
ties,  and  their  Articulations  with  the  Sternum  and 
Vertebras.  You  will  find  all  of  them  fodifpofed, 
that  the  largeft  of  the  Ribs,  namely,  the  eighth 
and  ninth  will  be  in  the  middle  and  the  moft  mo¬ 
veable  *,  and  thus  the  Thorax  may  be  wonderfully 
dilated,  lince  the  Ribs  are  moveable  as  well  up¬ 
ward  as  downward.  But  the  upper  Ribs  which 
are  neareft  to  the  Clavicles  are  lefs  moveable,  and 
the  lowermoft  Ribs  have  likewife  a  lefs  Motion  in 
proportion  as  they  are  farther  diftant  from  the 
ninth  Rib  ;  the  lowermoft  having  little  or  no  Mo¬ 
tion,  ferves  as  a  Bafis  to  fupport  the  Diaphragm, 
•and  prevents  it  from  defending  or  collapfing,  as 
it  is  firmly  attached  to  the  laft  Ribs.  The  eleventh 
Rib  has  indeed  a  little  more  Motion  towards  di¬ 
lating  the  Thorax,  and  the  more  do  the  Ribs  move 
as  they  afcend  higher  to  the  fourth  or  fifth  counting 
upwards.  One  who  attentively  confiders  this  will 
readily  confefs,  that  all  this  muft  be  the  Contri¬ 
vance  of  Divine  Wifdom  ;  namely,  that  the  Tho¬ 
rax  fhould  be  capable  of  moving  without  changing 
the  particular  Fabric  of  its  Parts,  as  Bellini  obferves. 
But  all  this  Dodtrine  has  been  confidered  more  at 
large  by  Borelli , 

§.  6ro.  But 
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§.  610.  But  alfo  in  this  Adtion  of  the  Ribs, 
the  Diaphragm  1  is  changed  from  its  convex 
or  hollow  Pofition,  which  it  before  had,  and 
being  brought  downward  2,  it  affumes  a  more 
plain  or  flat  Figure ;  and  this  we  are  taught 
from  the  opening  of  living  Brutes,  as  alfo 
from  large  Wounds  inflidted  upon  the  Abdo¬ 
men  in  the  human  Species  ;  and  again,  that 
this  Change  of  Figure  in  the  Diaphragm  pro¬ 
ceeds  from  a  Contraction  of  its  mufcular  Fa¬ 
bric,  we  are  taught  by  anatomically  confider- 
ing  3  this  Part. 

T  The  Diaphragm  is  a  Mufcle  whofe  fixed  Part 
is  all  that  conical  Ellipfis  which  is  made  up  by  the 
Sternum,  Loins,  and  feven  lower  Ribs.  To  the 
Margin  of  thefe  Parts  the  Diaphragm  is  connected 
flefhy,  having  its  largeft  mufcular  Portions  feated 
behind  towards  the  Vertebras,  being  tendinous  in 
its  middle,  to  which  in  Man,  the  Pericardium 
very  ftrongly  adheres.  But  this  tendinous  Part  of 
the  Diaphragm  is  higher  than  is  commonly  fup- 
pofed,  fince  a  Wound  inflicted  upon  the  Thorax 
at  the  fifth  Rib  near  the  Sternum  penetrates  into 
the  Abdomen.  This  Part  therefore  will  be  drawn 
down,  while  the  mufcular  Fibres  are  contracted, 
whence  the  Diaphragm  which  afcended  like  an 
arched  Roof  into  the  Thorax,  will  be  changed  in¬ 
to  an  even  Plane,  fo  as  to  comprefs  the  Abdomen 
and  thruft  it  outwards,  more  or  lefs  in  proportion 
to  the  Strength  of  the  Refpiration,  and  as  the 
Cavity  of  the  Thorax  is  more  dilated.  But  all 
the  Vifcera  of  the  Abdomen  are  then  prefled  by 
this  incumbent  Force  of  the  Diaphragm  againft 
the  tenfe  and  refitting  Peritonaeum.  You  will 

perhaps 
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perhaps  fay  that  it  is  from  this  Contraftion  of  the 
Diaphragm,  that  the  cartilaginous  Extremities  of 
the  Ribs  are  moved  downward  and  outward :  but 
thefe  Ribs  are  fuftained  by  the  Serrati  majores  in 
fufh  a  manner,  that  the  whole  Circumference  of 
the  Diaphragm  defeends,  while  its  middle  or  ten¬ 
dinous  Part  only  remains  at  reft. 

1  It  is  fomething  wonderful  that  both  the  Cavity 
of  the  Thorax  and  Abdomen  lhould  be  enlarged  at 
the  time  of  Infpiration,  infomuch  that  it  is  impof- 
fible  for  one  to  dilate  the  Thorax  without  enlarging 
the  Abdomen  likewife ;  for  if  the  Abdomen  be 
fecured  by  Bandage,  it  will  caufe  a  difficulty  of 
breathing,  and  you  will  be  obliged  to  breathe 
more  frequently  to  make  up  the  want  of  large  In- 
fpirations.  All  thefe  Experiments  ffiould  be  tried 
upon  healthy  living  Animals,  for  in  thofe  which 
are  dying  the  Convulfions  caufe  great  Difturbance. 

3  In  the  Memoirs  of  the  Royal  Academy  of 
Sciences  for  the  Year  1725,  M.  Scncic  has  given 
us  a  good  Figure  of  the  Diaphragm,  in  which  are 
reprefented  Fibres  placed  round  the  Vena  cava  and 
CElbphagus,  which  Fibres  feem  to  conftringe  thofe 
Canals ;  yet  does  that  Author  deduce  Confequences 
oppofite  from  thofe  which  ought  to  follow  from 
the  natural  Fabric  of  this  Part,  affirming,  that 
Infpiration  may  be  performed  by  the  Intercoftals 
only,  and  that  the  Air  which  enters  the  Thorax  is 
fufficient  to  deprefs  the  Diaphragm. 

§•  61 1.  Since  therefore  there  is  no  other 
A&ion  concerned  in  Inlpiration  than  that  of 
dilating  the  Thorax,  it  is  evident  that  the 
Caufe  thereof  muft  be  determined  by  the  Mo¬ 
tion  of  the  Ribs  and  Diaphragm,  the  Caufes 
of  vvhofe  Motions  we  are  next  to  enquire  after. 

V-  Infpiration 
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Infpiration  then  is  a  Dilatation  of  the  Thorax 
made  by  an  Alteration  of  its  Figure,  from  a  fpread- 
ing  of  the  Ribs  and  an  Expanfion  of  the  Dia¬ 
phragm.  If  now  the  Lungs  continue  without  be¬ 
ing  dilated  while  the  Thorax  is  expanded,  as  fome- 
times  happens  in  an  Afthma,  in  that  cafe  a  flight 
Vacuum  is  made  in  the  Cavity  of  the  Thorax,  re- 
fembling  that  made  by  the  Air-pump  of  Mr.  Boyle : 
but  the  Atmofphere  we  know  prefies  upon  the 
Lungs  with  a  Force  equal  to  thirty-three  cubical 
Feet  of  Water  •,  and  confequently  our  Lungs  muft 
give  way  to  fo  great  a  Preflure,  that  is,  they  will 
be  thus  dilated.  But  in  a  living  healthy  Perfon 
the  Lungs  are  always  dilated,  and  equally  diftend- 
ed  together  with  the  Thorax  without  ever  forming 
a  Vacuum,  and  without  any  Succeflion  of  time  be¬ 
twixt  the  Dilatation  of  one  and  the  other.  When 
the  upper  Ribs  are  elevated  the  lower  ones  are 
prefled  backward  and  downward  *,  and  as  the  Ster* 
num  cannot  give  way  inwards,  therefore  the  Tho¬ 
rax  will  be  dilated  on  all  Sides  and  throughout  all 
its  Dimenfions. 

§.  612.  The  ten  fuperior  Ribs  are  incurva- 
ted  or  arched  Bones,  much  more  depref- 
fed  in  their  middle  than  at  their  Extremi¬ 
ties  which  rife  up;  their  Heads  being 
armed  with  two  Apophyfes  or  Protuberances 
covered  with  Cartilage,  are  articulated,  i# 
Into  the  cartilaginous  Cavity  of  the  Vertebrae, 
fixed  backward  on  the  Sides  of  their  Bodies, 
or  in  the  Body  only  of  the  firfl:  Vertebra  of 
the  Thorax.  2.  They  are  articulated  into  a 
cartilaginous  Sinus  fixed  in  the  tranfverfe  Pro- 
cefles  of  the  Vertebrae;  while  the  feven  fupe- 

rioT 
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rior  Ribs  are  alfo  joined  to  the  Sternum  by  the 
Interpofition  of  arched  cartilaginous  Segments 
very  elaflic,  in  an  acute  1  Angle  upwards  in 
the  firft  Rib,  almoft  at  a  right  Angle  In  the 
fecond  Rib,  and  in  the  other  Ribs  forming  an 
obtufe  Angle  with  the  Sternum,  in  fuch  a  man¬ 
ner  that  the  Angles  here  formed  by  the  Carti¬ 
lages  and  Ribs  with  the  Sternum  upwards 2,  is 
the  more  obtufe  as  the  Ribs  are  lower*  in  other 
woids,  the  cartilaginous  Segments  afeending 
from  the  Ribs  enter  the  Sternum  laterally  in 
fuch  a  manner,  that  the  higher  the  Rib,  the 
moie  acute  or  fmall  is  the  Angle  of  Infer tion, 
from  the  Concourfe  of  the  upper  Part  of  the 
Sternum.  3.  But  the  fixth,  feventh  and  eighth 
Ribs  join  their  cartilaginous  Arches  bending 
up  to  the  Sternum,  uniting  with  their  Extre¬ 
mities,  and  adhering  to  each  other  at  the  bot¬ 
tom  of  the  Sternum,  by  broad  cartilaginous 
Procefies.  The  two  and  Sometimes  three  low¬ 
er  Ribs  being  furnifhed  with  only  one  Apo- 
phyfis  behind,  are  by  that  articulated  into  on¬ 
ly  one  Sinus  fixed  in  the  Body  of  its  corre- 
fponding  Vertebra  ;  and  their  Cartilages  bping 
not  more  compact  than  Tendons,  do  not  reach 
the  Sternum,  but  are  inferted  into  and  difap- 
pear  in  the  Diaphragm  and  Cartilages  of  the 
next  Ribs,  and  from  hence  they  feem  to  direcft 
equally  fufcain,  and  affift  the  Motion  of  the 
Diaphragm  backward  and  downward. 

The  Cartilage  of  the  firft  Rib  cannot  move  its 
Rib  any  way  but  upwards.  The  Cartilage  of  the 
fecond  Rib,  which  mattes  a  right  AnefewTrh  the 

"  h  Sternum. 
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Sternum,  gives  it  a  Motion  upward,  and  in  fame 
rneafure  downward  ;  the  third  moves  only  down¬ 
ward  with  a  more  ample  Motion  ;  and  the  fourth- 
is  (till  more  moveable  downward,  till  the  ninth, 
which  is  the  mod  moveable.  .  ,,  y(JOW 

1  Namely,  the  eight  or  nine  fuperior  Ribs  ;  for 
among  thele  there  is  often  fome  Variation.  They 
have  a  threefold  Articulation,  one  to  the  Sternum, 
another  to  the  Apophyfes  of  the  Vertebrae,  and  a 
third,  which  is  properly  the  affixed  Point  upon 
which  they  move  as  upon  a  Center,  namely,  the 
extreme  Apophyfes  of  each  Rib,  which  are  articu¬ 
lated  by  a  true  Enarthrofis  into  a  Fiffure,  feated 
in  the  two  Bodies  of  the  adjacent  Vertebrae. 

§.  613.  The  external  intercoftal  Mufcles s 
arifing  from  the  lower  Margins  of  the  fuperior 
Ribs,  defcend  obliquely  forward,  and  are  in- 
ferted  into  the  fuperior  Margins  of  the  next 
following  Ribs  throughout  the  whole  Extent 
of  their  Margins,  both  among  all  the  true  and 
the  fpurious  Ribs :  but  the  internal  intercoftal 
Mufcles  arifing  from  the  lower  Margin  of  ths 
upper  Rib,  at  a  diftance  from  the  Sides  of  the 
Spine  of  the  Thorax,  defcend  obliquely  back¬ 
wards  acrofs  the  former  Mufcles,  and  are  in- 
ferted  into  the  upper  Margin  of  the  Rib  next 
following  below,  throughout  the  whole 
length  of  the  Bone  and  its  Cartilage  even  to 
the  Sternum. 

1  It  is  eafy  to  conceive  and  explain  the  Motion 
of  the  Ribs,  as  performed  by  the  intercoftal  Muf-  ? 
cles.  It  was  neceffary  for  thefe  Mufcles  to  be  dif- 
pofed  in  two  different  Series ;  for  if  Nature  had 
provided  only  the  internal  Mufcles,  they  might 

indeed 
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indeed  draw  the  Ribs  towards  each  other,  but  then 
in  their  Aft-ton  they  would  return  the  Ribs  outward 
fo  as  to  deform  the  Thorax.  If  the  external  in- 
tercoital  Mufcles  only  were  provided  by  Nature 
they  would  in  their  Adtion  have  turned  the  Ribs 
inward  fo  as  to  difturb  the  Figure  of  the  Thorax  • 
whereas  by  the  prefent  Connivance  of  them  in 
different  Senes,  they  draw  the  Ribs  together, 
while  at  the  fame  time  they  preferve  the  Paralie- 
Jifm  of  them  with  refpeft  to  each  other,  without 
bending  any  of  the  Ribs  fo  as  to  injure  the  Lunes 

* - But>  fondly,  if  all  the  Ribs  were  equally 

approximated  towards  each  other,  the  Thorax 
could  not  be  dilated ;  and  therefore  the  fir  ft  Rib 
is  bent  in  a  half  Ellipfis,  and  fo  firmly  articulated 
to.  the  Sternum  by  a  very  fhort  Cartilage,  that  it 
with  difficulty  moves  upward,  but  not  at  all  down- 
ward.  The  fecond  Rib  is  ftill  a  little  more 
moveable  than  the  firft,  and  the  third  more  flexi¬ 
ble  than  the  fecond,  and  the  fourth  ftill  more  than 
the  third,  down  to  the  feventh,  which  is  the  moft 
moveable  both  upward  and  downward.  When 
therefore  the  intercoftal  Mufcles  aft  and  draw  the 
Ribs  towards  each  other,  the  firft  of  them  refifts 
without  Motion,  the  fecond  afcends  toward  the 
firft,  the  third  toward  the  fecond,  and  fo  each  of 
them  following  the  inferior  towards  the  fuperior 
Ribs,  whence  the  whole  Thorax  is  dilated  ;  fo  that 

c  ?joure  f  Thorax  is  not  changed  whether 
the  Ribs  afcend  or  defcend,  becaufe  each  of  them 
are  maintained  in  their  due  Parallelifm..  On  the 
other  hand,  the  Sternum  cannot  be  preffed  inward* 
as  being  fupported  by  and  articulated  to  the  carti¬ 
laginous  Segments  of  the  Ribs. 


§.  614.  But 
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§.  614.  Bat  to  the  preceding  we  muft  add 
the  Jubclavian  1  Mufcle,  which  arifing  flefhy 
from  the  lower  half  of  the  Clavicle,  where  it 
is  joined  to  the  Spine  of  the  Scapula,  proceeds 
obliquely  forward,  and  is  inferted  into  the  up¬ 
per  Margin  of  the  firft  Rib  near  the  Sternum. 

1  The  human  Lungs  are  very  large  ;  and  in 
general  the  Lungs  are  largeft  in  thofe  Animals 
which  are  the  moft  adive,  and  which  live  with 
much  Exercife.  Hence  there  was  Danger,  left  in 
violent  Infpirations  the  upper  Ribs  might  be  drawn 
downward,  fo  as  to  impede  the  Dilatation  of  the 
Thorax.  But  Man  as  a  moft  adive  Animal  is 
furnifhed  \Vith  Clavicles,  which  are  two  ftrong 
Bones  articulated  each  between  the  Sternum  and  Pro- 
ceftiis  acromion  of  the  Scapula,  fo  firmly  that  they 
cannot  be  drawn  afide  any  way,  Thefe  Bones  are 
only  to  be  found  in  the  more  adive  Animals,  who 
have  a  free  Motion  of  their  anterior  Limbs  every 
way,  fuch  as  the  Bear,  Ape,  Beaver,  Dormoufe, 
Squirrel,  Mole,  Bat,  Frog,  &c.  whereas  other 
Quadrupeds  are  deftitute  of  Clavicles,  moving  their 
Fore-limbs  only  forward  and  backward.  From 
thefe  Clavicles  therefore  in  Man  arife  Mufcles, 
which  defcend  to  the  firft  of  the  Ribs,  which  they 
elevate  towards  the  immoveable  Clavicles.  Hence 
it  is  that  in  violent  Infpirations,  the  upper  Rib  is 
elevated  and  in  a  manner  fufpended,  juft  as  if  it 
had  a  proper  intercoftal  Mufcle  of  its  own,  filling 
the  intermediate  Space  betwixt  itfelf  and  the  Cla¬ 
vicle.  The  fubclavian  Mufcle  therefore  increafes 
the  Determination  of  the  intercoftal  Mufcles  up¬ 
ward,  and  occafions  the  upper  Ribs  to  afcend 
only. 


§.  615.  If 
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§.  615.  If  then  thefe  Mafcles  (§.  613,  614.) 
contrad:  together,  the  firft  Rib  is  then  fixed  * 
by  the  Force  of  the  Subclavian,  though  it  is 
already  fufficiently  firm  by  its  own  Articula¬ 
tion  ;  and  then  the  nine  following  Ribs  are 
raifed  upwards  and  turned  outwards  2,  efpeci- 
ally  in  the  middle  of  their  Arches,  but  in  fuch 
a  manner  that  they  continue  in  their  equable 
Parallelifm,  while  in  the  mean  time  they  de- 
prefs  the  cartilaginous  Segments  which  forcibly 
refift  3  them  3  and  thus  is  the  Capacity  of  the 
Thorax  confiderably  enlarged. 

1  The  fubclavian  Mufcle  draws  the  upper  Rib 
towards  the  Clavicle,  fufrains  it  immoveable,  and 
prevents  it  from  being  drawn  down  by  the  firft 
Series  of  intercoftal  Mufcles ;  and  thus  is  the  firft 

Circle  of  the  Ribs  fixed  and  fecured  from  defcend- 
ing. 

1  The  human  Thorax  is  formed  fo  as  to  be  nar- 
roweft  in  its  upper  part,  and  broadeft  downward 
at  its  bottom  ;  fo  that  the  Ribs  are  difpofed  as  it 
were  in  a  conical  Shape  :  and  the  fecond  Rib  while 
it  is  elevated  towards  the  firft,  is  not  raifed  by  it- 
ieif ;  but  as  its  moft  moveable  Point  is  in  the  mid¬ 
dle  of  its  Arch,  therefore  it  will  be  there  moft  ele¬ 
vated  and  turned  outward,  not  fo  as  to  alter  its 
Figure,  but  to  increafe  its  Diameter.  By  this  means 
then  the  Plane  will  be  increafed,  which  perpendi¬ 
cularly  interfe&s  the  Thorax.  Suppofe  now  the 
Ribs  to-be  more  equal  Circles,  they  would  then 
have  certainly  diminifhed  the  Capacity  of  the 
Thorax  ;  lince  a  Circle  moved  round  its  Diameter 
either  upward  or  downward,  leffens  the  contained 
Space,  which  is  largeft  when  the  Circle  is  at  reft. 

B  b  3  But;. 
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But  in  the  prefent  Cafe;,  the  firft  Circle  or  the  firft 
Pair  of  Ribs  are  ftiorter  than  the  fecond,  the  fe¬ 
cond  than  the  third,  and  fo  on  enlarging  to  the 
tenth  ;  and  therefore  the  drawing  up  of  each  Rib 
is  a  Dilatation  of  the  Space  which  it  contains. 

5  This  Refiftance  of  the  Cartilages  is  not  eafily 
underdood,  and  yet  hereupon  is  founded  the  whole 
Bufmefs  of  Expiration :  Why  then  has  Nature' 
made  the  Extremities  of  the  Ribs  not  bony,  but 
cartilaginous  at  the  Sternum  ?  And  why  are  thofe 
Cartilages  not  articulated  to  the  bony,  but  to  the 
cartilaginous  Part  of  the  Sternum,  or  at  lead  with 
the  cartilaginous  Sinus’s  of  the  Sternum  ?  We  mud 
obferve  that  a  Cartilage  is  the  mod  eladic  of  all 
Parts  in  the  human  Body,  and  therefore  after  it 
has  been  compreflfed,  it  powerfully  redores  itfelf 
of  its  own  accord.  That  the  Ribs  are  truly 
Springs,  Vefdius  has  taught  us,  from  a  play-full 
Experiment  of  Lads,  who  when  they  want  a  Ball 
that  will  fly  back  powerfully,  they  make  one  of 
the  Cartilages  of  Fifh  cemented  together ;  for  a 
Sphere  of  this  nature  will  fly  back  more  than  Me¬ 
tal  itfelf.  Nature  has  therefore  made  the  anterior 
Extremities  of  the  Ribs  cartilaginous  at  their  Con¬ 
nection  with  the  Sternum  ;  but  thefe  cartilaginous 
Extremities  are  not  difpofed  in  the  fame  Direction 
with  the  Ribs  or  Sternum,  for  the  Cartilage  of  the 
upper  mod  Rib  forms  an  obtufe  Angle  with  the 
fame  Bone,  as  it  forms  an  acute  one  with  the  Ster¬ 
num.  Hence  therefore  while  the  Ribs  are  eleva¬ 
ted,  their  cartilaginous  Extremities  are  prefled  and 
reduced  into  a  fmaller  compafs  by  the  Compref- 
fure  •,  whereupon  it  re-aCfs  or  redores  itfelf  the 
more  drongly  in  proportion  to  the  compreflive 
Force,  that  is,  as  the  Thorax  becomes  more  dila¬ 
ted  ;  and  thus  all  the  Force  applied  to  the  whole 
Rib  is  fudained  entirely  by  the  cartilaginous  Seg- 
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ment  of  the  fame  Rib.  The  Cartilages  therefore 
endeavour  to  reftore  themfelves  during  the  whole 

time  that  the  Ribs  are  elevated. - The  Infpira- 

tion  then  of  the  Air  is  performed  by  the  conjund 
Adioti  of  the  fubclavian  and  all  the  intercoftal 
Mufcles ;  fo  that  their  whole  Force  terminates  in 
the  Cartilages  of  the  Ribs,  which  being  incapable 
of  Elevation  from  the  Angle  of  Infertion  to  the 
Sternum,  are  neverthelefs  overcome  by  the  Action 
of  the  intercoftal  Mufcles,  whofe  Adi  on  the  Car* 
tilages  therefore  return  ;  that  is  to  fay,  fo  foon  as 
the  intercoftal  Mufcles  ceafe  to  ad,  the  Elafticity 
of  the  Cartilages  deprdfes  the  Ribs  and  reftores 
them  to  their  former  Situations. 

§.616.  The  Diaphragm,  before  defcribed 
(§.  86.  N°.  1.)  contracting  itfelf  into  a  Plane, 
does  by  that  means  powerfully  dilate  the  Tho¬ 
rax  and  comprefs  the  Abdomen  \  while  at  the 
fame  time  it  draws  the  anterior  Cartilages  of 
the  fmall  Ribs  inward  towards  the  Vertebra* 
forcing  likewife  the  two  lower  falfe  Ribs  down¬ 
ward,  and  dirtending  or  overpowering  the  ab¬ 
dominal  Mufcles  (§.  86.  N°.  2.).  But  when 
the  mufcular  Fibres  of  the  Diaphragm  are 
relaxed,  then  the  ftrong  elaftic  Force  of  the 
Pericardium  and  Mediaftinum,  fuddenly  pulls 
the  convex  Part  of  the  Diaphragm  towards  the 
Throat ;  being  in  that  Adion  much  affifted 
by  the  contradile  Force  of  the  Mufculi  mefo- 
chondriaci,  belonging  to  the  Trachea  and 
Bronchia  of  the  Lungs;  to  which  add  the 
Deficiency  of  Air  in  the  Cavity  of  the  Tho* 
rax.  . 

■*  pr,  .rrtr  * f  •  <£%**  s  r  r<  ■  **  **  t  ’• 
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r  A  Perfon  is  able  to  force  the  Abdomen  in¬ 
ward,  and  to  expand  or  thrufl  it  outward,  fo  as  to 
make  a  great  Difference  betwixt  its  Capacity  when 
expanded,  and  when  contracted.  This  whole  Dif¬ 
ference  proceeds  from  the  Diaphragm,  which  is  on 
all  Sides  attached  to  the  falfe  Ribs,  and  furnifhed 
with  two  ftrong  mufcular  Crura  or  Appendices 
fixed  on  each  Side  of  the  Loins.  When  the  muf¬ 
cular  Fibres  of  the  Diaphragm  contract  all  at  one 
Inflant,  its  feveral  curve  Lines  are  reduced  to 
flraight  ones,  whereupon  it  defcends  as  far  as  the 
connected  Mediaftinum  and  Diaphragm  will  per¬ 
mit,  even  till  it  has  reached  the  utmoft  Limits  of 
Infpiration.  But  in  the  middle  of  the  Diaphragm 
there  is  a  tendinous  Expanfion,  which  is  not  con¬ 
cerned  in  this  ACtion  of  flattening  the  Diaphragm, 
which  is  performed  by  the  mufcular  or  flefhy  Part 
only,  whofe  chief  Seat  is  upon  the  Loins ;  whence 
it  will  be  drawn  downward  and  towards  the  Loins. 
But  this  Defcent  of  the  Diaphragm  is  refifted  by 
the  arched  Ribs  ;  and  therefore  the  moveable  Ribs 
will  be  drawn  down  by  the  Diaphragm,  while  the 
Thorax  is  dilated  in  the  ACt  of  Infpiration,  becaufe 
their  cartilaginous  Extremities  are  attached  to  the 
tendinous  Part  of  the  Diaphragm,  which  is  drawn 
by  its  mufcular  Part.  But  this  AClion  by  which 
the  lower  Ribs  under  the  Sternum  are  drawn  in¬ 
ward  and  downward,  appears  moft  evident  in  thofe 
who  are  dying ;  for  then  the  poflerior  Part  of  the 
Diaphragm,  which  is  moft  firmly  attached  to  the 
Loins,  a&s  with  all  its  Force.  Now  the  fhort 
lowermoft  Ribs  are  interwove  with  the  lower  and 
poflerior  mufcular  Part  of  the  Diaphragm  ;  while 
at  the  fame  time  into  thefe  Ribs  is  inferred  the  Ser- 
ratus  pofticus  inferior  Mufcle,  which  draws  thofe 
Ribs  outward  and  backward,  and  prevents  them 
from  being  forced  too  much  inward  by  the  Dia- 
,  ;  phragm  ? 
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phragm:  and  in  like  manner  alfo  the  Serratus  po- 
fticus  fnperior  in  a  more  tranfverfe  Pofition  fe- 
cures  the  upper  Rib ;  and  in  this  manner  is  In- 
fpiration  performed. 

§.  617.  Thefe  then  feem  to  be  the  only  1 
Mufcles  employed  towards  Infpiration ;  the 
Intercoftals  receiving  their  Nerves  2  from  thofe 
of  the  Back,  but  the  Diaphragm  receives  its 
Nerves  from  the  vertebral  diaphragmatic  and 
Intercoftal  Nerves. 

1  By  attentively  obferving  a  naked  Perfon  fieep- 
ing  in  the  Summer-time,  you  will  perceive  no 
Motion  either  in  the  Neck,  Shoulders,  or  Arms, 
only  the  Thorax  will  be  gently  moved  upward, 
and  afterwards  returned  down  again.  At  that 
time  of  breathing  therefore,  thefe  Mufcles  only  a<5t 
which  move  the  Ribs,  while  the  reft  are  quiefcent* 
The  fame  is  alfo  obfervable  in  apople&ic  Patients, 
who  have  all  the  voluntary  Motions  abfent,  the 
Organs  of  thofe  Motions  being  then  paralytic. 

*  Thefe  Nerves  probably  arife  from  the  Cere¬ 
bellum,  or  rather  from  that  Part  of  the  Medulla 
oblongata,  which  we  now  call  the  Spinalis,  recei¬ 
ving  its  Nerves  mixed  with  thofe  of  the  Cerebel¬ 
lum. 

§.  6 1 8.  The  Capacity  of  the  Thorax  being 
thus  enlarged,  nothing  1  will  comprefs  the 
Lungs  betwixt  the  Pleura  and  their  Surface, 
and  therefore  the  Air  will  enter  through  the 
Glottis  and  inflate  2  them,  fo  as  to  bring  them, 
or  rather  maintain  them  in  clofe  3  Contact  with 
the  Pleura  and  Diaphragm  4  (§.  604.)  5  and 
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by  this  means  will  be  produced  all  thofe  Con- 
fequences  mentioned  before  (§.  197,  to  200* 

srfl  do  noiioM  orti  awollol 

1  The  Thorax  indeed  cannot  be  comprefled, 
but  the  Lungs  are  prefled  again  ft  the  Pleura  with 
the  whole  Weight  of  the  Atmofphere  ;  fo  that  the 
Pleura  does  not  comprefs  the  Lungs,  finee  it  is 
entirely  fattened  to  the  Ribs,  and  receives  itfelf 
the  PrelTure  of  the  Lungs. 

a  This  is  demonftrated  by  Experiments  made 
with  the  Air-pump,  by  which  we  fee  the  Air  rulh 
with  a  great  Impetus,  fo  foon  as  a  Paflage  is  given 
for  it  to  enter  into  a  void  Space ;  for  into  fuch  a 
Space  the  Air  rufhes  a  thoufand  times  more  fwiftly 
than  the  ftrongeft  Wind. 

3  There  are  fome  who  believe  a  Boyle  an  Va¬ 
cuum  to  be  formed  betwixt  the  Pleura  and  the 
Lungs  at  the  time  of  Infpiration,  fuppofing  the 
Lungs  to  be  moved  in  that  Vacuum  ;  but  this  is  a 
miftaken  Opinion,  as  weobferved  before  (§.  607.) ; 
for  the  Lungs  are  prefled  againft  the  Pleura  by 
the  whole  Weight  of  the  incumbent  Atmofphere, 
and  while  the  Thorax  is  dilated,  the  Lungs  are 
in  the  fame  inftant  expanded,  without  ever  rece¬ 
ding  from  the  Pleura.  Laftly,  the  Lungs  are 
never  at  reft  throughout  the  whole  Courfe  of  In¬ 
fpiration,  but  are  from  the  firft  to  the  Jaft  inftant 
continually  increaflng  the  Dimenfions  of  their  Air- 
yeflels,  and  diminifhing  the  mutual  Contadls  of 
their  other  Veflels:  for  as  we  obferved  before 
(§.  200.)  the  Blood- veflels  are  difpofed  betwixt 
the  Veflcles,  fo  that  thefe  Intervals  being  increafed 
they  will  be  lefs  prefled,  and  confequently  the 
Lungs  will  receive  fo  much  more  Blood  from  the 
Heart,  in  proportion  as  there  is  a  lefs  Refiftance  in 
their  Veflels*  tfCMiofcd  ■ 

The 
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%  The  lower  Part  of  the  Lungs,  which  is  com* 
pared  to  the  Hoof  of  an  Ox  with  refpeft  to  its 
Figure,  follows  the  Motion  of  the  Diaphragm  ; 
and  therefore  their  Expanfion  will  be  here  greateft,' 
and  the  Circulation  of  their  Blood  fwifteft. 

§.  619.  In  this  State  1  of  the  Lungs  and 
Thorax  (§.  6 1 8.),  the  Air  adts  with  an  equable 
Force  upon  every  Part  of  the  Lungs,  and  be¬ 
ing  refilled  by  the  Thorax,  the  Lungs  reft  or 
ceafe  to  be  any  farther  expanded;  now  then 
lefs  Blood  will  pafs  through  them,  a  lefs  quan¬ 
tity  will  be  moved  into  the  left  Ventricle  of  the 
Heart,  and  hence  lefs  will  be  fent  to  the  Cere¬ 
bellum  and  its  Nerves;  to  which  add,  that  lels 
arterial  Blood  wall  be  impelled  into  the  Dia^ 
phragm  and  intercoftal  Mufcles;  fo  that  thus 
the  Caufes  dilating  the  Thorax  will  be  weaken¬ 
ed,  whereupon  the  Elafticity  of  the  cartilagi¬ 
nous  Extremities  of  the  Ribs  will  deprels  thofe 
Bones,  being  affifted  by  the  mufcular  Fibres  2 
which  arife  from  the  Sides  and  bony  Ends  of 
the  Sternum  within  the  Thorax,  and  are  in- 
ferted  into  the  Cartilages  of  the  true  Ribs ;  at 
the  fame  time  alfo  the  Fibres  of  the  diftended 
Peritonaeum  and  abdominal  Mufcles  will  re- 
ftore  themfelves,  and  by  prefiing  upon  the 
contained  Vifcera  will  thruft  the  Diaphragm 
now  relaxed  up  into  the  Thorax ;  hence  then 
the  Thorax  will  be  leflened  or  comprefled,  and 
the  Air  forced  out  from  the  Lungs,  which  we 
call  Expiration ;  after  this  again  every  thing 
fucceeds  as  before-mentioned  (§.  6x8,),  and 
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by  thefe  two  Adtions  (§.  618,  6 19.)  chiefly  the 
Blood  is  accelerated  and  moved  through  the 
Lungs. 


1  When  Infpiration  has  arrived  to  its  greateft 
Extent,  that  is,  when  the  Thorax  dilates  no  farther, 
then  the  Lungs  ceafe  to  move,  and  no  longer  re¬ 
ceive  any  change  in  their  Figure.  For  as  the  Tho¬ 
rax  is  now  fuppofed  to  be  at  reft,  fo  muff  likewife 
the  Lungs,  which  are  on  all  Sides  in  contadl  with 
the  quiefcent  Thorax.  But  as  the  Lungs  now  reft, 
they  no  longer  forward  the  Paflage  of  the  Blood 
through  their  languiferous  Veflels;  fo  that  they 
do  not  now  adt  as  Lungs,  but  are  of  the  fame 
Nature  with  any  other  Vifcus.  But  we  demon- 
ftrated  before  (§.  208.)  that  the  Mafs  of  Blood  paf- 
fes  through  the  Lungs  in  the  fame  time  that  it 
circulates  through  all  the  reft  of  the  Body  ;  and 
therefore  fo  foon  as  the  Lungs  ceafe  to  tranfmit 
freely  the  Blood,  the  right  Ventricle  of  the  Heart 
will  then  begin  to  be  incapable  of  tranfmitting  its 
Blood  through  the  Lungs :  hereupon  the  Blood 
will  be  accumulated  in  the  pulmonary  Artery, 
while  the  pulmonary  Vein  will  be  empty,  and 
confequently  the  left  Ventricle  will  receive  lefs 
Blood,  whence  the  Preffure  of  the  Blood  upon  the 
Brain  and  Cerebellum  will  be  diminiftied,  whence 
the  Secretion  of  nervous  Juice  will  be  leflened, 
and  the  Cerebellum  rendered  incapable  of  tranf¬ 
mitting  a  due  Portion  of  Spirits  to  the  intercoftai 
Mufcles  and  diaphragmatic  Nerves.  But  we  know 
that  every  Mufcle  adls  only  fo  far  as  it  is  inflated 
with  Spirits  by  the  Nerves ;  and  therefore  the 
intercoftai  Mufcles  and  Diaphragm  will  be  ren¬ 
dered  paralytic  or  relaxed.  But  the  Ribs  drawn 
up  by  the  intercoftai  Mufcles  and  comprefling 
their  cartilaginous  Extremities,  will  by  the  Ela- 

fticity 
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fticity  of  thofe  Cartilages  be  deprefled  to  their  for¬ 
mer  Situations,  fo  foon  as  the  intercoftal  Mufcles 
ceafe  to  aft  ;  fmce  thofe  Mufcles  overpowered 
the  Elafticity  of  the  Cartilages  only  without  de- 
ftroying  the  fame.  Thefe  Mufcles  then  ceafmg 
to  aft,  the  elaftic  Cartilages  will  deprefs  the  Ribs, 
and  thefe  again  will  prefs  out  the  Air  from  the 
Lungs,  and  force  their  Blood  towards  the  left 
Ventricle;  fo  that  the  Blood  now  flowing  more 
freely  and  copioufly  to  the  Cerebellum,  the  necef- 
fary  quantity  of  Spirits  and  Strength  will  return 
again  by  the  Nerves  to  the  Diaphragm  and  inter¬ 
coftal  Mufcles,  whence  a  Repetition  of  the  feveral 
Appearances  before* mentioned. 

2  Thefe  mufcular  Fibres  feem  to  retain  the  Ribs 
in  their  Situations  ;  and  a  Weaknefs  in  thefe  ren¬ 
ders  the  Thorax  fharp,  as  we  obferve  in  the  Ric¬ 
kets.  It  is  thefe  Fibres  that  make  Mufculus  trian¬ 
gularis  Sterni,  as  they  are  called  by  Cow  per. 

•  §.  620.  At  this  Inftant  (§.  619.)  the  Blood 
being  accelerated  in  its  Motion,  will  begin  to 
flow  more  ftrongly  and  plentifully  to  the  Ce¬ 
rebellum  and  refpirative  Mufcles,  and  confe- 
quently  thefe  Caufes  will  be  renewed  which 
adtuate  and  contradl  the  Diaphragm  and  inter¬ 
coftal  Mufcles,  whence  the  Infpiration  will  be 
again  renewed ;  and  thus  have  we  afligned  the 
true,  immediate  and  fufflcient  Caufes  or  Rea- 
fons  of  this  alternate  vital  Motion. 

At  this  Inftant  the  Lungs  being  compreffed  by 
the  Thorax  and  Diaphragm,  their  venal  Blood 
will  be  urged  towards  the  left  Ventricle  of  the 
Heart,  which  being  more  copioufly  filled,  will 
fend  a  greater  quantity  to  the  Brain,  Cerebellum, 
c'- '  ’  .  "  f  . ~  *  '  /  and 
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and  Mufcles  of  Inspiration,  which  lad  will  be 
therefore  put  in  ACtion,  and  confequently  Infpi- 
ration  will  return  again.  Hence  we  learn  that  Ex¬ 
piration  is  the  State  of  Death  •,  that  is  to  fay,  the 
laft  ACtion  in  dying  People  is  an  Expulfion  of 
Air  from  the  Lungs  by  the  retorting  Force  of  the 
Cartilages,  which  are  now  become  rigid  with  the 
Cold,  and  by  that  means  exert  their  Elafticity 
more  powerfully. 

§.  621.  But  befides  thefe  vital  Caufes  of 
Refpiration,  there  are  others  fubfervient  to  the 
Will 1 ,  which  are  likewife  applied  to  the  Ribs, 
in  order  more  powerfully  to  dilate  and  con¬ 
tract  the  Thorax.  Thofe  which  ferve  to  di¬ 
late  the  Thorax,  though  deligned  for  other 
Purpofes  2,  have  neverthelefs  a  (hare  in  this 
Aftion,  when  they  are  determined  thereto  by 
the  Will.  The  fir  ft  of  thefe  Mufcles  is  the 
Scalenus  primus,  arifing  flelhy  from  the  ante¬ 
rior  Part  of  the  tranfverfe  Proceffes  of  the  fe- 
cond,  third  and  fourth  Vertebrae  of  the  Neck  3, 
and  defeending  obliquely  forwards,  is  inferted 
with  its  Tendon  into  the  firft  Rib.  In  the  next 
place  the  Scalenus  fecundus,  arifing  flefhy  from 
the  Sides  of  the  tranfverfe  Proceffes  of  the  fe- 
cond,  third  and  fourth  Vertebrae  of  the  Neck, 
defeends,  and  becoming  tendinous  paffes  over 
the  former,  to  its  Infertion  into  the  fecond 
and  alfo  the  third  Rib.  Next  the  Scalenus 
tertius,  arifing  flefhy  from  the  anterior  and  la¬ 
teral  Part  of  the  tranfverfe  Proceffes  of  the  fe¬ 
cond,  third,  fourth,  fifth,  and  fixth  of  the 
Vertebrae  of  the  Neck,  is  inferted  generally 
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into  the  firft  Rib.  By  thefe  Mufcles  therefore 
the  three  fuperior  Ribs  may  be  fixed,  fuftain- 
ed  and  elevated,  that  the  Force  of  the  inter- 
coftal  and  other  Mufcles  may  not  deprefs  them 
in  violent  Infpirations ;  nor  is  it  any  Objection 
to  this,  that  they  ferve  to  bend  the  Neck  or 
turn  it  round,  becaufe  if  they  ad  together  in 
company  with  the  Spinalis  colli,  the  Tranfver- 
fales  colli,  Interfpinales  colli,  Longifiimus 
dorfi,  and  Semi-fpinatus  fixing  or  ereding  the 
Neck,  while  the  fcaleni  Mufcles  ad,  thefe 
Scaleni  muft  then  elevate  the  Ribs  of  necef- 
fity ;  but  that  many  of  thefe  Mufcles  concur 
to  dilate  the  Thorax  in  the  moft  violent  Re- 
fpiration,  is  in  a  manner  more  than  certain. 
4.  The  Serratus  4  anticus  minor,  arifing  flefhy 
from  the  Proceffus  coracoides  of  the  Scapula, 
and  defcending  obliquely  forward,  becomes 
broad,  thin  and  flefhy,  and  is  inferted  into 
the  anterior  bony  Part  of  the  fecond,  third, 
fourth  and  fifth  Ribs.  5.  The  Serratus  anti¬ 
cus  major,  arifing  flefhy  from  the  Bafis  of  the 
Scapula,  and  becoming  thick  and  broad  as  it 
defcends  obliquely  forward,  is  inferted  as  it 
were  by  indented  flefhy  Portions  into  the  eight 
fuperior  Ribs;  two,  three,  four,  or  five  of 
which  flefiiy  Indentations  intercept  the  like 
Dentations  of  the  obliquus  externus  Mufcle  of 
the  Abdomen.  For  if  the  Mufcles  of  the  Sca¬ 
pula,  the  Trapezius,  the  Rhomboides,  and 
Levator,  fix  and  draw  the  Scapula  upward  and 
backward,  retaining  it  immoveable,  then  the 
Ribs  from  the  fecond  to  the  eighth  will  be 
on,:,  ftrongly 
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ftrongly  elevated  by  the  Adion  of  both  the 
Serrati,  as  we  plainly  perceive  to  happen  in  the 
moft  violent  Infpirations.  6.  Backward  the 
Serratus  pofticus  fuperior  arifing  tendinous  from 
the  Spines  of  the  two  lower  Vertebrae  of  the 
Neck,  and  three  fuperior  Vertebrae  of  the 
Thorax,  is  inferted  by  fiefhy  Indentations  into 
the  Curvatures  of  the  fecond,  third,  and  fourth 
Ribs,  which  are  by  this  Mufcle  railed  ob¬ 
liquely  upward.  7.  To  thefe  add  the  Serratus 
pofticus  inferior,  which  arifing  from  the  Spines 
of  the  Vertebrae  of  the  Loins,  and  fometimes 
alfo  of  the  Thorax,  is  inferted  by  mufcular  In¬ 
dentations  almoft  into  the  middle  of  the  Arch 
of  the  ninth,  tenth,  and  eleventh  Rib,  as  alfo 
into  the  Extremity  of  the  twelfth;  for  this 
laft  afcending  upwards,  almoft  from  an  hori¬ 
zontal  Courfe  with  its  Fibres,  draws  thefe  laft: 
Ribs  outward,  downward  and  backward,  lo 
as  to  enlarge  the  Thorax,  and  prevent  its  Ca¬ 
pacity  from  being  diminilhed  by  the  Approxi¬ 
mation  of  thefe  Ribs,  by  the  Contraction  of 
the  Fibres  of  the  Diaphragm. 

1  We  have  hitherto  explained  thofe  Powers 
which  carry  on  the  vital  Refpiration  continuing  in 
the  time  ot  Sleep  ;  it  now  remains  for  us  to  explain 
the  voluntary  Addons  which  we  experience  to  be 
employed  in  Refpiration  ;  for  we  are  able  to  acce¬ 
lerate  Refpiration  at  pleafure,  and  render  it  much 
larger  than  natural.  According  to  the  common 
Courfe  of  Nature,  a  healthy  Perfon  performs  one 
Refpiration  within  the  Space  of  fix  or  feven  Se¬ 
conds  at  moft  but  then  the  fame  Perfon  may  fo 
accelerate  his  Refpiration,  as  to  firiifh  it  within  the 
Space  of  one  Second.  There 
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2  There  was  a  certain  Jearned  Friend  of  mine* 
who  endeavoured  to  prove  that  thole  MufeJes  which 
were  not  placed  betwixt  the  Intervals  of  the  Ribs* 
were  not  employed  in  Infpiration  ;  but  it  ought  to 
be  confidered  that  every  Mufcle  which  is  attached 
to  any  of  the  Ribs,  is  not  faflened  to  a  Part  ab- 
lolutely  immoveable  ;  and  therefore  every  Mufcle 
adhering  to  the  Ribs  may  draw  them  according  to 
their  Direction,  and  the  reciprocal  Mobility  of 
each  towards  fome  other  Part,  into  which  the 
other  End  of  the  Mufcle  is  inferted ;  which  other 
Part  if  it  is  more  moveable  than  the  Ribs,  will  be 
drawn  towards  the  latter  by  the  fame  Mufcle. 
When  the  Serrati  antici  Mufcles  abb,  then  the 
whole  Scapula  and  Arm  is  by  them  drawn  towards 
the  Bread:,  becaufe  the  fixed  or  leaft  moveable 
Point  of  thole  Mufcles  is  in  the  Ribs,  the  Scapula 
being  more  eafily  moveable  j  but  when  the  Scapu- 
la  is  railed  and  fixed  by  the  Ablion  of  other 
Mufcles,  in  that  cafe,  the  Serrati  may  in  fome 
meafure  elevate  the  Ribs.  Even  let  us  fuppofe 
the  Ribs  to  refill  with  the  Force  of  a  hundred, 
and  the  Scapula  with  the  Force  of  one  ;  will  it  not 
from  thence  follow  that  the  Ribs  will  approach  one 
degree  towards  the  Scapula,  as  that  is  drawn  a 
hundred  degrees  towards  the  Ribs.  Suppofe  again 
the  Scapula  to  be  elevated  and  fixed  by  other  Muf¬ 
cles,  it  is  evident,  that  then  the  Ribs  may  move 
through  a  greater  Space  as  they  afeend  towards  the 
Scapula,  which  being  now  fixed,  the  Ribs  into 
which  the  flefhy  Indentations  of  the  ferrati  Mufcles 
are  inferted,  being  then  the  moveable  Point  of 
thofe  Mufcles,  while  their  fixed  Point  is  in  the  Sca¬ 
pula.  From  hence  it  is  evident,  that  the  Thorax 
may  be  much  more  powerfully  expanded  by  the 
Afiiftance  of  other  Mufcles,  than  it  can  by  the 
Ajftion  of  the  Intercoftals  only. 

C  c 


We 
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5  We  are  certain  that  the  Scaleni  Mufcies  draw 
down  the  Neck  towards  the  Ribs  ;  but  fuppofe  the 
Neck  to  be  powerfully  ere&ed  or  fixed  by  the 
numberlefs  Mufcies  of  the  Back,  (as  we  fee  it  may 
be  fixed  in  Porters,  fo  as  to  carry  two  hundred 
Weight  laid  upon  their  Head,  without  at  all  bend¬ 
ing  their  Neck,  to  which  add  that  a  Man  publick- 
Iy  fhews  himfelf,  who  raifes  an  Iron  Anvil  by  the 
Hair  of  his  Head)  *,  that  is  to  fay,  if  the  Neck  is 
fo  fixed  that  it  cannot  be  bent  by  the  Scaleni  which 
now  a6t,  it  is  then  certain,  that  the  whole  Tho¬ 
rax  will  be  drawn  by  thefe  Mufcies  towards  the 
Neck.  In  the  fame  manner  it  is  evident,  that  all 
the  voluntary  Mufcies  inferted  into  the  Ribs  or 
detached  from  them  into  any  other  Part,  perform 
a  twofold  Adtion  ;  namely,  when  the  other  Parts 
are  relaxed,  and  are  not  retained  by  contrary  Pow¬ 
ers,  thofe  Parts  will  be  then  drawn  more  towards 
the  Ribs  than  the  Ribs  towards  them :  but  when 
thefe  Parts  are  by  other  Powers  more  fixed,  in 
that  cafe  the  Ribs  are  obliged  to  move  more  to¬ 
wards  thefe  Parts,  than  they  towards  the  Ribs  , 
but  it  is  well  known  to  Anatomifts  that  the  Sub¬ 
clavian,  Scaleni,  and  Serrati  Mufcies  are  ftrong 
enough  to  overcome  the  Refiftance  of  the  cartila¬ 
ginous  Segments  of  the  Ribs. 

4  Thefe  Mufcies  are  truly  Antagonifts  to  the 
oblique  defending  Mufcies  of  the  Abdomen  j  and 
when  the  Scapula  is  raifed  by  the  Trapezius, 
Rhomboides,  and  Levator  Mufcies,  then  the  Ser- 
rati  antici  and  poftici  draw  the  Thorax  upward 
and  forward.  The  Serrati  poftici  fuperiores  can¬ 
not  draw  the  Vertebrae  towards  the  Ribs,  and 
therefore  they  will  move  the  Ribs  outward,  back¬ 
ward,  and  upwards  towards  the  Vertebrae,  from 
whence  thefe  Mufcies  arife,  and  pafs  almoft  in  a 

tranfverfe 
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tranfverfe  Pofition-;  and  at  the  fame  time  they  pre- 
vent  the  three  Ribs  into  which  they  are  inferted, 
from  being  drawn  inward  and  downward  by  the 
Diaphragm,  to  which  they  are  attached ;  and 
therefore  each  of  the  Serrati  draw  the  Ribs  from 
the  Center  of  the  Thorax,  which  is  thus  much 
more  dilated  than  it  could  be  by  the  Power  of  the 
intercoftal  Mufcles  only.  Hence  it  is  that  we  fee 
in  dying  People,  a  labouring  in  the  Shoulders, 
Neck,  and  Arms,  Nature  being  then  incapable  of 
fufficiently  dilating  the  Thorax  by  the  Adtion  of 
the  intercoftal  Mufcles  only,  whence  the  aftembles 
all  her  Forces,  in  order  to  relieve  the  Anxiety, 
This  laborious  Refpiration  was  well  obferved  by 
Hippocrates ,  who  underftood  it  to  be  a  mortal 
Sign,  denoting  that  the  Difeafe  was  ieated  near  the 
Ribs,  as  a  Pleurify  or  Peripneumony.  It  is  eafy 
to  demonftrate  that  thefe  additional  Forces  exter¬ 
nally  applied  to  the  Ribs  to  raife  them,  exert  a 
much  greater  Power  than  the  Intercoftals. 

§.  622.  But  the  Adtion  of  the  external  and 
internal,  oblique  1  and  reffi  2  Mufcles  of  the 
Abdomen  (§.86.)  confpiring  together,  depre/sS 
the  Ribs  and  contract  the  Thorax ;  while  at 
the  fame  time  the  lower  Serratus  anticus  Muf- 
cle,  as  is  evident  from  its  Connexion,  refills 
if  it  concurs  with  the  Adtion  of  the  Sacro-him - 
balls  4,  which  is  a  very  complex  Mufcle  and 
hardly  to  be  defcribed,  conflfting  of  a  Series 
of  mufcular  or  flefhy  Fibres,  arifing  from  the 
tranfverfe  Proceifes  of  the  Vertebras  of  the 
Loins,  and  from  their  Spines,  from  whence 
afcending  upwards  into  the  Ribs,  they  are  in- 

C  c  2  ferted 
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ferted  or  mixed  with  the  flefhy  acceffory 
Mufcles  proceeding  from  the  Ribs  $  whence 
it  follows,  that  the  Adtion  of  this  mud:  greatly 
affift  in  violent  Expirations,  the  Abdomen  be¬ 
ing  at  the  fame  time  compreffed  by  the  tranj- 
*verfe  Mufcles  5. 

1  We  come  now  to  enquire  how  voluntary  Ex¬ 
piration  is  performed.  In  order  to  this  we  are  to 
conceive  the  abdominal  Mufcles  fubjeft  to  the 
Will  *,  and  therefore  at  the  time  of  Expiration 
when  the  Ribs  are  reftored  by  the  Elafticity  of 
their  Cartilages  (§.  619.)  that  they  voluntarily  aft 
and  prefs  the  Diaphragm  into  the  Thorax.  In 
the  next  place  let  us  confider  the  Origin  of  the 
obliquus  externus  Mufcle,  which  being  from  the 
Os  pubis  tendinous,  it  is  expanded  round  the  Ab¬ 
domen,  and  at  laft  inferred  by  flefhy  Indentations 
into  the  Ribs,  betwixt  the  like  Indentations  of  the 
Serratus  anticus  Mufcle  \  from  whence  you  may 
eafily  underftand  that  the  Serratus  and  obliquus 
externus  Mufcle  antagonize  each  other,  and  that 
therefore  the  latter  depreHes  and  draws  the  Ribs 
inward,  as  they  are  drawn  upward  and  outward 
by  the  Serratus. 

a  The  fixed  Point  of  the  refti  Mufcle  is  at  the 
Os  pubis,  and  their  moveable  Point  at  the  Ribs, 
thofe  more  efpecially  of  them  which  are  the  moft 
moveable,  as  alfo  at  the  Sternum  *,  thefe  Mufcles 
therefore  deprefs  the  Ribs,  contraft  the  Thorax, 
and  prefs  back  the  Contents  of  the  Abdomen. 

3  The  internal  oblique  Mufcle  arifes  from  the 
Margin  of  the  Os  ilium,  almoft  as  far  as  the  Os 
pubis,  and  being  inferred  tendinous  in  the  Linea 
alba,  it  muft  confequently  prefs  the  lower  Part  of 
the  Abdomen  Itrongly  inward,  when  it  contrafts. 

The 
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4  The  Sacro-lumbalis  Mufcle  has  certain  Digi- 
tations  inferted  into  the  Ribs,  which  it  therefore 
draws  downward  and  backward. 


5  The  tranfverfe  Mufcles  of  the  Abdomen,  if  a 
right  Line  be  drawn  from  where  thofe  Mufcles 
arife  at  the  Margin  of  the  Os  pubis  and  ilium  to 
the  Ribs,  that  Line  will  fall  much  within  or  be¬ 
neath  the  Convexity  of  the  Abdomen  *,  for  no  li¬ 
ving  Creature  can  prefs  back  their  Abdomen  fo 
far,  but  that  it  will  project  beyond  the  foremen- 
tioned  Line.  If  now  the  Abdomen  is  preffed 
back  againft  the  Loins,  they  refill:  that  Adtion, 
and  the  Pelvis  being  in  its  own  Nature  immo¬ 
veable,  it  follows  that  the  abdominal  Mufcles  will 
prefs  with  their  whole  Force  upon  the  Diaphragm  ; 
which  being  at  that  time  paralytic  or  relaxed, 
from  a  Deficiency  of  the  Spirits  (§.  619.)  wjll  be 
therefore  preffed  into  the  Cavity  of  the  Thorax';  fo 
as  to  comprefs  the  Lungs  and  expel  their  contained 
Air  as  much  as  pofiible. 


§.623.  In  Women  1  the  Sternum  is  more 
flat  or  deprefled,  the  Clavicles  are  fhaped  more 
in  a  right  Line,  and  the  Thorax  is  lefs  capa¬ 
cious,  flatter  before,  and  the  cartilaginous 
Segments  fooner  ofiify  above  than  below; 
hence  when  they  breathe,  the  Sternum  rifes 
upward 2  and  turns  obliquely  outward,  the 
whole  Thorax  feeming  as  it  were  to  arife ;  and 
for  this  Reafon  they  breathe  more  freely  when 
the  Abdomen  is  diflended.  > 

1  If  you  obferve  a  Boy  of  a  Year  old  and  a 
Girl  of  the  fame  Age,  fleeping  in  the  fame  Bed, 
you  will  perceive  that  when  the  Girl  breathes  the 

C  c  3  whole 
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whole  Thorax  afcends  towards  the  Throat,  where¬ 
as  in  the  Boy  the  Thorax  and  Clavicles  have  lit¬ 
tle  Motion.  In  an  adult  Man  the  Thorax  is  hard¬ 
ly  moved  in  Refpiration,  whereas  in  a  Woman 
the  whole  is  drawn  upward  fo  as  to  recede  from 
the  Diaphragm  *,  whence  it  follows  that  the  Man 
breathes  molt  with  his  Abdomen,  and  the  Woman 
with  her  Thorax.  If  Nature  had  not  made  this 
Difference  in  Women,  they  would  have  laboured 
under  a  Difficulty  of  breathing  during  the  time  of 
their  Geftation,  equal  to  what  is  furfered  by  i  Man 
in  an  Afcites  •,  for  in  Pregnancy  the  diltended 
Uterus  fills  the  Abdomen  in  fuch  a  manner,  that 
it  can  very  difficultly  move,  and  therefore  Nature 
has  provided  a  greater  Liberty  in  the  Thorax,  by 
rendering  it  very  apt  to  dilate  in  the  female  Sex. 

1  Hence  the  Scaleni  and  flexor  Mufcles  of  the 
Neck  in  Women,  with  all  the  Serrati  and  iubcla- 
vian  Mufcles,  are  to  the  Surprife  of  the  Anato- 
mift  found  ftronger  than  in  Men. 

§.  624.  From  hence  it  appears  that  the  vo¬ 
luntary  refpirative  Mufcles  are  much  larger  1 
and  ftronger  than  thofe  fubfervient  to  the  vital 
or  involuntary  Refpiration  ;  whence  it  is  that 
the  Power  of  the  former  Mufcles  can  increafe, 
diminifh,  or  entirely  fupprefs,  both  the  Expi¬ 
ration  and  Infpiration ;  of  which  Adtions  the 
Refpiration  is  compounded. 

1  If  you  compare  the  Mufcles  enumerated  at 
§.  6 1 1 ,  and  613,  with  the  Powers  of  §.  622,  and 
the  Mufcles  of  §.  619,  with  thofe  of  §.  621,  you 
will  perceive  that  the  latter  are  at  leaft  three  times 
larger  and  ftronger  than  the  former,  and  that  there- 
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,,  fore  the  voluntary  Expiration  muft  exceed  the  na¬ 
tural  Infpiration  in  the  fame  proportion  as  to 
Strength  *  and  again,  at  the  time  of  infpiration, 
the  Powers  mentioned  at  §.  621,  greatly  exceed 
the  Powers  of  natural  Expiration.  It  is  therefore 
evident  we  can  by  the  Influence  of  the  Will  either 
fupprefs,  increafe,  or  diminifh  Refpiration  *,  one 
may  be  able  to  infpire  voluntarily  even  when  Ex¬ 
piration  would  naturally  follow,  and  alfo  voluntary 
Expiration  may  take  place  when  the  vital  or  natu¬ 
ral  Infpiration  fhould  fucceed.  All  this  may  be 
eafily  underftood  after  having  firft  demonftrated 
that  the  voluntary  antagonift  Mufcles  are  much 
ftronger  than  the  involuntary  Mufcles  of  Refpi¬ 
ration. 

§.  625.  From  hence  we  underftand  that 
there  are  not  two  fucceeding  Moments  of  Life 
in  which  the  Veffels  of  the  Lungs  retain  the 
fame  Figure  *,  Capacity  and  Action  2„ 

That  there  are  alfo  fome  Mufcles  which  adt 
here  without  Antagonift  si ,  as  if  they  had  them ; 
and  therefore  it  appears  that  the  Adfion  of  the 
Fluids  moving  thefe  Mufcles,  muft  be  antago¬ 
nized  by  the  fimple  Reliftance  and  Elafticity 
of  the  Solids  4. 

There  is  therefore  no  NeceJJity  5  to  fuppofe 
an  alternate  Adtion  of  the  Humours  in  both 
Parts  to  produce  their  reciprocal  Motions ; 
lince  it  will  be  fufficient  if  that  Adtion  takes 
place  in  either  of  them. 

Hen'ce  we  fee  that  the  Influence  of  the  Will 
is  capable  of  fuppreffing  the  Force  and  Caufes 
of  Refpiration,  though  it  cannot  direBly  6  fup- 

C  c  4  prefs 
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prefs  the  Force  of  the  Heart,  whofe  moving 
Powers  muft  be  therefore  fironger  7  and  more 
conftant  or  frequently  in  ACtion ;  yet  is  there 
a  certain  Confent  8  or  Relation  betwixt  the 
Contraction  of  the  Heart  and  Number  of  Re- 
fpirations;  but  according  to  what  Rule  is  a 
Queftion. 

Hence  aifo  we  perceive  the  Neceffity  of  re¬ 
peated  Contractions  in  the  Heart,  and  of  re¬ 
peated  Refpiration  :  but  how  long  9  they  may 
be  fupprefled  without  Repetition,  Life  ftill  re¬ 
maining,  continues  to  be  a  Queftiori. 

We  fee  alfo  why  in  a  Fit  of  the  Ajlhma  I0, 
Peripneumony,  difficulty  of  breathing,  and  in 
the  Agonies  of  Death,  the  Refpiration  is  per¬ 
formed  by  the  conjunct  ACtion  of  the  volun¬ 
tary  as  well  as  the  involuntary  Mufcles  moving 
the  Thorax,  in  fuch  a  manner,  that  we  plainly 
perceive  a  Motion 11  in  the  Neck,  Shoulders, 
Breaft,  lower  Ribs,  and  Back  ? 

-Why  in  a  perfeSt  State  of  Health,  the  Bo¬ 
dy  being  at  reft  and  awake,  the  Refpiration  is 
performed  very  [lowly  12 ,  eafily  and  filently ; 
fo  that  it  is  hardly  perceived,  though  the  Cir¬ 
culation  of  the  Humours  through  the  Lungs 
is  then  expedited  ? 

Why  the  Refpiration  being  accelerated  by 
Coughing  *3  or  Sighing,  increafes  the  Motion 
of  the  Blood  through  all  the  Veffels? 

Why  the  firft  ACt  of  Refpiration  is  Infpi - 
ration  H,  and  the  laft  Expiration  *5, 

Whence  it  is  that  the  Heart  with  its  Anri- 
cles  J6  and  venous  Sinus's  palpitate  x7  a  long 

time 
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time  after  Refpiration  has  ceafed  in  thofe  who 
are  dying? 

And  whence  it  is  that  an  Air  exceeding 
heavy  l8,  light  l%  moijl ,  2°,  dry  21 ,  hot  22 ,  or 
cold,  becomes  unfit  for  continuing  the  Refpi¬ 
ration  and  Life,  which  may  be  alfo  faid  of  the 
Air  which  is  too  much  rarified  or  comprefled, 
or  which  is  confined  in  a  fmall  Compafs, 
without  being  foon  renewed2 3. 

1  The  Lungs  are  continually  changing  their  Fi¬ 
gure  from  the  firlt  Moment  of  Infpiration  to  the 
lad  Pitch  of  that  Action  (§.  200.).  All  the  time 
of  this  Adion  the  Thorax  is  continually  dilated, 
and  at  the  fame  time  alfo  the  Lungs  are  continu¬ 
ally  expanded  clofe  to  the  Thorax  which  they  ne¬ 
ver  defert,  and  thus  in  the  Expanfion  of  the  Lungs 
the  Air-vefiels  and  Blood- vefiels  are  removed 
to  larger  Angles  from  each  other,  are  fet  at  liberty 
or  enlarged,  and  more  freely  difpofed  to  receive 
the  Blood  from  the  right  Ventricle  of  the  Heart. 
For  the  infpired  Air  repels  the  Vehicles  from  their 
mutual  Contacts,  fo  as  to  make  way  for  the  Re¬ 
ception  of  the  Blood  into  the  Branches  of  the  pul¬ 
monary  Artery,  which  being  a  flexible  Canal  ne- 
ceflarily  changes  its  Figure  in  the  Elongation  j  but 
fince  it  is  impoflible  for  it  to  be  diftraded  equably 
in  every  Part  of  the  Lungs,  there  will  be  fome 
Parts  more  con  traded  than  the  reft  ;  for  if  a  mem¬ 
branous  conical  Tube  is  extended  longitudinally  in 
a  curved  Direction,  fome  Part  of  it  will  be  always 
complicated  or  more  prefied  together,  whence  its 
Figure  will  be  every  Moment  changing.  The 
fame  is  allb  true  with  relped  to  the  Veins.  But 
in  Expiration  alfo  all  the  Veffels  are  every  Mq- 
;  '  ment 
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meat  contracted  into  a  l.efs  Compafs,  and  conle- 
quently  changing  their  Figure.  Laftly,  the  Lungs 
are  at  Reft  for  a  fmall  fpace  betwixt  Infpiration 
and  Expiration  *,  but  the  Air  at  that  time  received 
in  the  Lungs  is  either  retained  or  eJfe  allowed  a 
free  Exit  through  the  open  Glottis.  If  it  be  re¬ 
tained,  the  Blood  being  always  hotter  than  the 
Atmofphere  in  which  we  live,  will  rarify  the  Air, 
fo  as  to  make  it  prefs  more  forcibly  upon  the  pul¬ 
monary  Blood-veflels,  which  Preffure  will  be  more 
and  more  increafed  as  the  Air  is  longer  retained, 
whence  the  Capacity  of  the  Blood-veflels  will  be 
diminifhed.  If  on  the  other  hand  the  Air  has  a 
free  Exit  from  the  Lungs,  the  latter  will  every 
Moment  fuffer  an  unequal  and  tremulous  Motion 
while  the  rarified  Air  is  expelled.  What  has  been 
here  laid  concerning  the  Figure  of  thefe  Veflels, 
may  be  alfo  applied  to  their  Capacity  ;  for  when 
the  Lungs  are  expanded  the  Arteries  are  larger, 
and  when  they  are  contracted,  the  Blood-veflels  are 
every  Moment  diminifhed:  but  this  Alteration  is 
alternate  and  perpetual,  and  therefore  we  may 
fafely  affirm  there  are  not  two  Moments  of  Time, 
in  which  either  the  Blood-veflels  or  Air-veffels  of 
the  Lungs  continue  in  the  fame  State. 

a  This  ACtion  of  the  Veflels  is  no  more  than  a 
Contact  and  Preffure  of  their  concave  Surface 
againft  the  convex  Superficies  of  the  Juices,  which 
being  in  this  Cafe  forced  through  Canals  varying 
their  Figure  and  Capacity  every  Moment  of  Time, 
it  follows  alfo  from  thence  that  the  ACtion  of  the 
Veflels  upon  their  Humours  will  not  be  two  Mo¬ 
ments  alike.  .  .  #  ■ 

3  Every  Mufcle  during  Life  is  continually  di- 
ftended  by  the  nervous  J uice  and  arterial  Blood, 
fo  as  to  be  held  in  a  perpetual.  Conatus  or  InclF 

nation 
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nation  to  draw  the  moveable  Part  into  which  it  is 
inferted  towards  the  more  fixed  or  lefs  moveable 
Part and  therefore  that  the  Mufcle  thus  inclined 
to  Contraction  during  Life  might  not  perpetually 
act,  another  Mufcle  was  required  to  incline  with 
an  equal  Force  towards  oppofite  Parts,  that  is  to 
fay,  it  was  necefiary  to  keep  one  Mufcle  antago^ 
nized  or  in  Equilibrio  by  another.  For  Example, 
Suppofe  one  Tendon  is  inferted  into  the  Back  of 
the  laft  Joint  of  a  Finger,  the  Flefh  will  draw 
that  Tendon  fo  as  to  keep  it  continually  endea¬ 
vouring  to  extend  the  Finger but  if  another 
Mufcle  is  inferted  within  the  fame  Bone,  continu¬ 
ally  endeavouring  with  the  fame  Force  to  bend 
the  fame  Finger,  in  that  cafe  it  will  be  neither  in¬ 
flected  nor  extended,  provided  the  Will  makes  no 
Addition  to  the  Power  either  of  the  flexor  or  ex- 
tenfor  Mufcle,  for  fo  long  will  the  Finger  be  kept 
in  a  mean  State  betwixt  Flexion  and  Extenfion, 
the  Equality  and  Contrariety  of  the  Forces  in  the 
Mufcles  deftroying  their  Effeft.  But  fuppofe  now 
the  flexor  Mufcle  to  be  luddenly  paralytic  or  in¬ 
active,  while  the  extenfor  continues  to  aft  with 
the  fame  Force,  in  that  cafe  the  Finger  will  be 
fuddenly  extended,  as  with  a  fort  of  Convulfion  5 
or,  on  the  contrary,  it  will  be  in  like  manner  vio¬ 
lently  inflefted,  if  the  extenfor  is  paralytic,  while 
the  Aftion  of  the  flexor  remains  entire.  This 
then  is  what  we  intend  by  the  antagonizing  of  one 
Mufcle  with  another.  But  the  Intercofials  have 
no  Mufcles  to  antagonize  them  in  this  manner, 
the  cartilaginous  Segments  of  the  Ribs  fupplying 
that  Office  by  their  Elafticity,  which  reftores  the 
Ribs  to  their  former  Situations,  after  they  have 
compreffed  the  Cartilages  by  the  Aftion  of  the 
intercoftal  Mufcles,  which  is  no  fooner  over  but 

the 
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the  Cartilages  begin  to  exert  their  elaftic  Force 
and  deprefs  the  Ribs.  But  thofe  Animals  which 
carry  their  Head  in  a  prone  Pofture,  have  the 
Muiculus  triangularis  fterni  much  larger  within 
the  Thorax,  which  Mufcle  arifing  from  the  Ster¬ 
num,  is  ini'erted  into  the  Extremities  of  federal  of 
the  Ribs  and  their  Cartilages,  which  it  ferves  to 
deprefs,  fo  as  to  affift  their  Elafticity  and  antago¬ 
nizing  Force. 

4  Thofe  Mufcles  which  antagonize  others,  pre¬ 
vent  the  Aflion  of  their  Opponents,  becaufe  they 
are  inflated  with  Juices  ;  but  the  intercoftal  Muf¬ 
cles  are  oppofed  by  the  Elafticity  of  the  Cartila¬ 
ges,  which  proceeds  only  from' the  Force  of  the 
Solids,  and  does  not  depend  upon  any  Influx  of 
juices;  and  therefore  it  follows,  that  a  determi¬ 
nate  Influx  or  Re-a6lion  of  the  Fluids  is  not  ab- 
folutely  neceflfary  to  antagonize  Mufcles. 

5  This  may  feem  a  Paradox  to  fome,  becaufe 
Anatomifts  ufually  teach,  that  every  alternate  Mo¬ 
tion  refults  from  an  alternate  Influx  of  the  Juices, 
detached  fometimes  to  one  Mufcle  and  fometimes 
to  another  ;  and  this  indeed  is  true  whenever  there 
are  Antagonifts :  but  when  the  Antagonift  is  a 
Body  re-a6ting  only  by  the  Elafticity  of  its  Solids, 
in  that  cafe  this  univerfal  Affirmation  does  not  hold 
true.  The  Heart  and  Cerebellum  propel  their 
Juices  equably  into  all  the  Mufcles  of  the  Body, 
which  are  therefore  equally  diftended.  The  inter¬ 
coftal  Mufcles  are  not  filled  with  a  greater  Force 
by  the  Heart,  than  any  other  Mufcles,  but  thefe 
Mufcles  elevate  the  Ribs,  which  are  refilled  by 
the  elaftic  Cartilages,  when  they  become  ftronger 
than  that  Refiftance,  by  a  more  copious  Influx  of 
the  nervous  Juice  ;  for  fo  long  does  their  Power 
overcome  the  Refiftance  of  the  Ribs,  refulting 

from 
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from  the  elaftic  Cartilages.  But  when  the  Actions 
of  the  intercoftal  Mufcles  fix  the  Thorax  immovea¬ 
ble,  all  the  Veffels  of  the  Lungs  are  retained  in  the 
fame  Situation,  whereupon  their  Force  ceafes,  and 
fome  Part  of  the  nervous  Juice  flowing  to  the  in¬ 
tercoftal  Mufcles  will  be  deficient ;  and  therefore 
the  elaftic  Cartilages  then  deprefs  the  Ribs  without 
any  Afliftance  from  a  nervous  Juice.  Hence  it  is 
evident,  that  Antagonization  may  be  performed 
only  if  a  Mufcle  acts  on  one  Side  from  an  Influx 
of  the  nervous  Juice,  and  on  the  other  Side  if 
there  is  an  Elafticity  of  the  Solids. 

6  We  are  capable  of  altering  the  Refpiration 
without  changing  the  reft  of  the  Body,  that  is,  we 
can  increafe,  diminifh,  or  fupprefs  it  at  pleafure ; 
but  we  cannot  thus  alter  the  Adlion  of  the  Heart 
without  firft  changing  the  Condition  of  the  whole 
Body. 

]  The  Adlion  of  the  Heart  is  ftronger,  inafmuch 
as  it  is  not  obedient  to  any  antagonift  Mufcle  ;  for 
the  Heart  continues  to  move  even  after  Death, 
which  the  Diaphragm  and  intercoftal  Mufcles  do 
not. 

8  I  have  made  numerous  Experiments  in  relation 
to  this  Confent  betwixt  the  Lungs  and  Heart, 
more  efpecially  failing,  fitting  ftill  under  a  Calm- 
nefs  or  Quietnefs  of  Mind,  &c.  under  which  Cir- 
cumftances  I  have  remarked  the  Number  of  Pulfes 
made  in  the  Space  of  an  Hour,  which  in  a  healthy 
Perlon  anfwer  to  3600,  but  in  Fevers,  they  a- 
mount  to  between  6  and  8000.  But  the  Pulfe  is 
a  Dilatation  of  the  Artery,  anfwering  to  each  Con¬ 
traction  of  the  Heart  of  which  if  you  doubt,  ap¬ 
ply  one  Hand  to  the  left  Bread,  and  the  other  to 
the  carotid  Artery,  whence  you  will  find  that  each 
of  them  ftrike  the  Finger  at  the  fapie  Inftant. 

•  -  The 
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The  Number  of  the  Pulfe  is  therefore  the  Num¬ 
ber  of  Contractions  made  by  the  Heart.  In  the 
next  place  attend  to  the  Number  of  Refpirations 
made  in  a  given  time  with  Moderation  or  without 
hurrying,  and  you  will  perceive  the  determinate 
Space  of  each  Refpiration,  meafured  by  the  Clock 
to  anfwer  to  about  eight  Pulfes  in  a  healthy  Perfon. 
It  will  be  alfo  then  eafy  for  you  to  compute 
the  quantity  of  Blood  in  proportion  to  the 
Heart  and  Lungs,  which  is  tranfmitted  from 
the  right  to  the  left  Ventricle  of  the  Heart  through 
the  Lungs  at  each  Refpiration,  namely,  amount¬ 
ing  to  about  twenty  ounces,  fuppofing  two  ounces 
propelled  by  each  Syftole  of  the  Heart  into  the 
Aorta.  For  betwixt  the  time  of  Infpiration  and 
Expiration,  the  Lungs  are  once  filled  and  once 
emptied  ;  and  there  is  a  determinate  Ratio  always 
obtaining  betwixt  a  perfeCt  Refpiration  and  Pulfa- 
tion,  or  betwixt  the  Syftole  and  Diaftole  of  the 
Thorax  with  the  Syftole  and  Diaftole  of  the  Heart. 

I  have  frequently  tried  thefe  Experiments  upon 
myfelf,  till  I  have  been  afraid  of  carrying  them 
too  far.  But  if  the  Air  be  quietly  retained  in  the 
Lungs,  the  Pulfe  will  be  a  little  accelerated,  but 
it  will  be  retarded  foon  after  ;  and  even  if  you 
perfift  obftinately  in  retaining  the  Air,  the  Pulfe 
will  afterwards  be  quite  imperceptible  to  the 
Touch.  Therefore  when  Refpiration  is  diminifh- 
ed,  fo  is  likewife  the  ACtion  of  the  Heart  ;  but 
by  ftrong  and  fudden  Refpirations  the  Pulfe  will 
be  accelerated,  and  even  rendered  febrile,  only  by 
rendering  this  alternate  ACtion  of  Expiration  and 
Infpiration  more  ftrong  and  frequent.  It  is  eafy 
to  enumerate  the  Numbers  of  the  Pulfe  and  Re¬ 
fpiration  in  a  given  time  in  an  Infant  fteeping, 
when  you  will  perceive  a  certain  Reft  after  each 
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full  Refpiration,  compounded  of  Infpiration  and 
Expiration:  after  this  wake  the  Child,  and  you 
will  perceive  the  Pulfe  and  Refpiration  performed 
quicker  than  before;  and  therefore  the  Action  of 
the  Heart  being  increafed,  fo  likewife  will  be  that 
of  the  Lungs,  and  the  reverfe ;  whence  there  is 
evidently  a  conftant  Proportion  in  the  Numbers  of 
Af  t  ion  of  tire  Heart  and  Lungs. 

9  This  Queftion  may  be  anfwered  two  ways, 
according  as  you  demand  either  how  long  the  Air 
may  be  retained  while  the  Glottis  is  open,  or  how 
long  while  the  Glottis  i$  flrut  ?  I  have  made  fre¬ 
quent  Experiments  of  this  nature  upon  healthy 
People,  and  have  obferved  many  things  abftrufe 
relating  thereto.  I  have  drawn  in  a  moderate 
quantity  of  Air,  by  retaining  which  I  found  that 
Life  could  not  long  be  fuftained  in  that  State  -,  for 
the  infpired  Air  retained  by  fhutting  the  Glottis, 
or  Nofe  and  Mouth,  does  not  reft,  but  performs 
the  fame  Addon  as  if  you  continued  to  infpire 
more  Air ;  that  is  to  fay,  it  rarities  by  Heat,  and 
diftends  the  Air-veffels  of  the  Lungs,  Vo  as  to  re¬ 
fill  and  expel  the  Blood.  But  the  Blood  expelled 
from  the  Lungs  is  conveyed  only  to  the  left  Ven¬ 
tricle  of  the  Heart  by  the  pulmonary  Vein,  while 
that  in  the  pulmonary  Artery  ftagnates  in  its 
final  left  Branches,  whence  for  a  fhort  time  the 
Pulfe  becomes  accelerated.  Thus  may  Refpiration 
be  fuppreffed  for  fome  time  without  danger  of 
Suffocation,  namely,  until  the  Air  is  fo  rarified 
by  the  Heat  of  the  Blood  that  it  can  expand  no 
farther ;  for  then  the  venal  Part  of  the  Blood  be¬ 
ing  evacuated  from  the  Lungs,  while  the  arterial 
is  not  tranfmitted  into  the  Vein,  the  left  Ventricle 
of  the  Heart  from  thence  ceafes  to  be  fupplied, 
whereupon  the  Animal  muft  begin  to  die,  fince 
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the  right  Ventricle  of  the  Heart  is  not  fufficient  to 
propel  the  Blood.  In  this  manner  the  Slaves  of 
Angola  often  fuffocate  themfelves  by  retaining  their 
Breath.  Bat  it  does  not  follow  therefore  that  no 
Blood  is  tranfmitted  through  the  Lungs  while  the 
Breath  is  retained  ;  for  fuch  a  Portion  of  it  conti¬ 
nues  to  pafs  through  the  Lungs,  as  their  Veffels 
will  tranfmit  without  Refpiration,  and  much  more 
Blood  paffes  through  the  Arteries  and  Veins  of  the 
Lungs  at  that  time,  than  if  the  Heart  was  at  reft. 
But  in  this  cafe  the  Lungs  tranfmit  no  more  Blood 
than  what  any  other  Vifcus  would  of  the  fame  Bulk 
in  proportion  to  the  reft  of  the  Body  ;  juft  in  the 
fatne  manner  as  in  the  Foetus,  the  Lungs  receive 
no  more  Blood  than  is  proportionable  to  their  lefs 
Refiftance  which  they  afford  with  refpedt  to  the 
Blood  flowing  into  the  Aorta  *,  but  this  quantity 
of  Blood  pafling  through  the  Lungs  as  in  a  Foetus, 
is  too  fmall  to  maintain  Life  in  the  Adult,  unlefs 
the  Foramen  ovale  and  Canalis  arteriofus  continue 
open. 

10  Do  but  obferve  an  afthmatic  Patient  breath¬ 
ing  in  the  Fit,  and  remark  how  he  labours  with 
his  Shoulders,  Neck,  Back,  6?r.  in  order  more 
largely  to  dilate  the  Thorax,  and  to  render  the 
Adtion  of  the  ferrate  and  fcaleni  Mufcles  more 
powerful. 

11  The  human  Body  is  fo  framed  by  its  Creator, 
as  to  be  always  endeavouring  to  keep  in  the  fame 
State  in  which  he  firft  made  it ;  and  hence  what 
Hippocrates  calls  Nature,  is  the  Effedf  of  the  Stru¬ 
cture  of  the  Parts  in  the  human  Body,  fo  framed 
by  its  Creator  as  to  continue  in  the  fame  State  fo 
long  as  its  Fabric  remains  unaltered.  Thus  there¬ 
fore  has  the  Creator  made  the  Thorax  capable  of 
receiving  a  ftronger  Adtion,  in  proportion  as 
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more  Blood  is  to  be  tranfmitted  through  the  Luno-j 
in  a  given  time,  or  in  proportion  as  the  Veflels, 
or  the  Blood  itfcif,  a  [lord  a  greater  Refinance  to 
its  Courfe  through  the  Lungs.  If  therefore  the 
quantity  of  Blood  is  determined,  which  can  be 
freely  tranfmitted  through  the  Lungs  of  a  healthy 
Perfon  at  Reft,  as  the  Blood  in  the  fame  Perfon 
will  be  accelerated  by  Exercife  fo  as  to  increafe  the 
Mafs  which  is  to  pervade  the  Lungs*  by  fending 
back  to  the  Heart  the  Blood,  which  before  ftag- 
nated  in  the  Veins,  in  that  cafe  there  will  be  twice 
as  much  Blood  to  be  tranfmitted  in  the  fame  time  3 
or  it  there  is  any  Caule  which  gives  twice  as  much, 
Refiftance  to  the  Lungs,  or  to  the  Blood,  in  all 
the,e  Caies  the  Reipiration  will  be  twice  as  large  i 
and  if  the  Blood  is  to  be  tranfmitted  ten  times 
fw.ifcer,  to  fupply  the  left  Ventricle  with  its  due 
quantity  in  a  given  time,  the  Refpiration  will  be 
ten  times  quicker ;  that  is  to  fay,  the  fcaleni,  fer- 
rati,  rhomboides,  cucullares,  and  other  Mufcles,  all 
of  them  conduce  to  accelerate  and  enlarge  the  Re- 
<piiation,  in  order  to  enable  the  Lungs  to  tranf- 
mit  moie  Blood  in  tne  iame  time.  But  it  is  the 
fame  thing  in  effect,  whether  the  quantity  of  the 
Blood  or  the  Refinance  be  increafed  3  for  if  the 
Lungs  tnemielves  become  impervious,  more  or 
lefs  the  Refiflance  will  be  proportionably  increafed, 
and  the  Mufcles  of  Refpiration  will  be  obliged  to 
labour  more  in  proportion,  as  we  fee  in  Arthma’s 
from  a  Scirrhofity  of  the  Glands,  an  Infar&ion  of 
the  V eficles,  a  convulfive  Con  [friction,  fsV.  of  the 
Lungs;  Hence  when  the  Blood  begins  to  fagnate 
and  thicken  in  Death,  or  in  a  Peripneumony,  the 
voluntary  Mufcles  of  Reipiration  labour  with 
great  Violence,  and  afford  a  frightful  Spectacle, 
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that  they  may  enable  the  Lungs  to  tranfmit  fome 
Part  of  the  Blood.  In  fuch  a  Perfon  you  will  fee  the 
whole  Thorax  afcend  while  the  Diaphragm  at  the 
fame  time  is  drawn  violently  downward,  every 
Part  throughout  the  whole  living  Body  alfo  con- 
fpiring  to  promote  this  Action,  and  to  procure 
fome  Relief  of  the  Maladies  which  caufe  thefe 
Agonies. 

11  Among  all  the  Signs  of  good  Health,  the 
principal  is  a  flow  Pulfe  and  Refpiration,  the  lat¬ 
ter  being  performed  without  any  vifible  Motion 
of  the  Thorax  or  Abdomen,  and  without  any 
audible  Noife.  For  by  thefe  Signs  we  know 
that  the  Lungs  are  mod  (lowly  inflated,  that 
they  reft  and  that  they  empty  themfelves  *,  but 
this  Slownefs  demonftrates  an  equable  Motion 
of  the  Blood  without  any  Obftru6tion  or  Re- 
fiftance  *,  and  that  the  Blood  does  not  ftagnate, 
thicken,  nor  meet  with  any  Obftacle  to  impede 
the  equable  Circulation  of  the  Humours  through 
all  the  Vefiels  of  the  Lungs. 

15  When  a  Vein  has  been  opened  by  a  Surgeon, 
the  Blood  often  does  not  ftart  out,  but  if  you 
order  the  Patient  to  cough,  it  inftantly  flies 
forth  in  a  full  Stream.  It  is  therefore  evident, 
that  the  Courfe  both  of  the  venal  and  arterial 
Blood  is  promoted  by  the  Action  of  the  Lungs, 
and  that  their  Action  is  increafed  by  a  deep  In- 
fpiration  and  a  ftrong  Expiration  ;  but  fuch  is 
that  Infpiration,  which  we  call  Sighing ;  and 
therefore  that  as  well  as  Coughing  muft  evident¬ 
ly  accelerate  the  Motion  of  the  Blood.  In  a 
Pleurify  when  the  Blood  ceafes  to  ftart  out  from 
the  Orifice  of  an  open  Vein,  let  the  Patient  figh, 
and  the  Blood  will  flow  forth  fwiftly  enough  ;  but 
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to  this  A£tion  the  Patient  will  not  be  inclined,  to 
avoid  the  Pain,  and  therefore  the  Surgeon  may 
order  cold  Water  to  be  fprinkled  on  his  Face,  that 
the  VefFels  may  contrad  and  forward  the  Courfe  of 
the  Blood  *,  or  he  may  adminifter  fome  warm  Wine, 
or  let  the  Patient  fmell  to  fome  hot  Vinegar,  whofe 
acid  Fumes  being  drawn  into  the  Lungs,  will  ex¬ 
cite  a  lading  and  ftrong  Cough,  which  will  caufe 
the  Blood  to  flow  fait  enough.  For  by  Expiration 
the  venal  Blood  flows  more  fwiftly  from  the  Lungs 
into  the  left  Ventricle  of  the  Heart,  which  will 
therefore  propel  a  greater  quantity  of  Blood  into 
all  the  Arteries  of  the  Body,  and  from  thence 
the  Veins  will  receive  more  Blood  from  the 
Arteries. 

14  When  the  Foetus  firft  conies  forth  from  its 
Mother’s  Womb,  its  Lungs  and  Thorax  do  not 
differ  from  thofe  of  an  Adult,  except  in  having 
the  Foramen  ovale  and  Canalis  arteriofus.  But 
the  fame  Foetus  has  no  Air  at  all  in  the  Thorax  ; 
but,  on  the  contrary,  there  is  Water  in  that  Space 
which  fome  fuppofe  to  contain  Air.  Nor  yet  does 
the  Air  enter  the  Lungs  at  the  Birth  fpontaneoufly 
or  by  its  own  Weight,  as  I  formerly  believed  with 
Pitcairn  and  Baglivi ,  but  am  now  convinced  of 
the  contrary ;  for  I  have  feen  that  the  Lungs  of  a 
Fcetus  after  Excluflon  are  not  diftended  with  Air, 
though  the  Glottis  remains  quite  open  ;  and  there¬ 
fore  it  follows,  that  the  Air  enters  the  Lungs  of 
the  Foetus,  becaufe  its  Thorax  is  dilated  by  the 
Mufcles  proper  to  Refpiration.  The  Aril  Adlion 
therefore  of  the  Foetus  or  Infant  upon  coming  into 
the  World  is  to  dilate  the  Thorax,  which  is  after¬ 
wards  fpontaneoufly  contrafted  fo  as  to  caufe  Ex¬ 
piration,  as  we  before  obferved.  But  why  does 
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the  Foetus  break  its  including  Membranes,  that  ir 
may  breathe?  Whether  this  is  done  with  De- 
fign  I  cannot  determine  ;  but  this  is  certain,  that 
the  Infant  kicks  and  ftruggles  till  it  has  burft  the 
Membranes  and  breathed  Air,  and  that  after  it  has 
once  breathed,  it  remains  quiet  enough. 

,Jf  To  expire  or  give  up  ones  Soul,  is  a  Phrafe 
fynonomous  with  Death  in  all  the  Languages  of 
the  World,  becaufe  this  is  the  laft  Action  of  the 
Body,  which  is  not  performed  by  any  vital  or  vo¬ 
luntary  Power  in  ourfelves,  but  only  by  that  Force 
which  is  in  common  poiTefied  by  all  other  inani¬ 
mate  Bodies.  This  A&ion  therefore  is  exerted 
becaufe  the  vital  Powers  ceafe  to  a<5t,  and  the  in- 
tercoftal  Mufcles  becoming  paralytic,  the  cartila¬ 
ginous  Extremities  of  the  Ribs,  do  by  their  own 
Elafticity  unbend  themfelves  and  deprefs  thofe 
Bones. 

16  In  a  Dog  which  has  been  opened  alive,  the 
Heart  ceafes  to  move,  but  then  a  fmall  tremulous 
Motion  continues  in  its  Auricles,  which  feem  to 
undulate,  namely,  becaufe  the  Heart  keeps  warm 
longer  than  any  other  Part,  whence  the  Auricles 
continue  to  evacuate  themfelves  in  fome  mea- 
fure  into  the  Heart,  which  is  not  yet  become 
rigid. 

17  Even  this  Palpitation  is  often  obferved  after 
the  Animal  is  really  dead.  The  human  Body  has 
VefTels  and  Fibres  which  vital  Warmth  render  very 
large  •,  for  Heat  or  Warmth  equably  expand  all 
Bodies  throughout  their  Dimenfions :  but  in  a 
dying  Perfon  the  Heat  gradually  departs,  until  the 
whole  Body  acquires  the  Temperature  of  the  At- 
mofphere,  which  is  not  fufficient  to  fuftain  Life  in 
any  Animal  s  but  this  cooling  of  the  Body  in 
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Death  proceeds  from  without  inwards,  that  is  to 
fay,  the  external  Parts  in  contajd  with  the  Air  be¬ 
come  cold  fir  ft,  while  the  more  interior  Parts  re¬ 
main  ftill  warm  and  dilatable.  But  the  Heat  of 
the  Body  we  know  is  greateft  at  the  Heart ;  and 
therefore  the  Veins  contraded  by  the  Cold,  will 
derive  the  Humours  from  all  Parts  of  the  Body 
towards  the  Heart,  fo  as  to  render  it  capable  of 
continuing  its  Motion  for  fome  time  longer.  Hence 
in  thofe  who  appear  with  a  red  and  turgid  Face 
while  dying,  their  Face  will  look  pale  and  flaccid 
after  they  are  dead,  when  the  Body  is  quite  cold. 
But  even  in  fuch  a  dead  Body,  the  Heart  may  be 
excited  to  palpitate  by  injeding  Water  into  the 
Vena  cava ;  and  therefore  thefe  Motions  in  Death 
arife  from  the  Contraction  of  the  Veins  occafioned 
by  the  Cold. 

13  A  heavy  Air  prefles  more  upon  the  Veflcles 
of  the  Lungs  as  it  exceeds  more  in  Weight ;  but 
in  proportion  as  their  Veflels  are  more  prefled,  fo 
are  the  Blood- veflels  more  comprefled.  When 
therefore  the  Air  is  as  heavy  again,  the  Veflels  of 
the  Lungs  will  be  prefled  with  twice  as  much  Force 
againft  the  Pleura,  whence  they  will  be  con  traded 
or  leflened,  fo  as  to  reflft  the  Blood  from  the  right 
Ventricle  of  the  Heart,  and  this  ftronger  and 
ftronger,  till  they  at  laft  tranfmit  no  Blood  at  all. 

T9  A  light  Air  prefles  lefs  upon  the  Veflcles  of 
the  Lungs,  which  are  therefore  lefs  diftended. 
That  is  to  fry,  the  Lungs  continually  exert  their 
contradile  Force,  but  remain  continually  dilated 
clofe  to  the  Pleura,  becaufe  the  contradile  Force 
of  the  Mufculi  mefochondriaci  is  lefs  than  the  di- 
bending  Force  of  Air  in  the  Lungs.  Let  the  Air 
then  preis  upon  the  Lungs  with  a  Force  twice  as 
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weak,  and  then  the  Mufculi  mefochondriaci  will 
be  twice  as  'ftrong,  will  contract  themfelves  with 
twice  the  Power,  and  adf  as  we  fee  in  a  fpafmodic 
or  convulfive  Afthma,  fo  as  to  fuffocate  the  Patient 
by  a  Conftridtion  of  the  Lungs. 

10  A  moifl  Air  is  fo  pernicious,  becaufe  it  fills 
the  whole  Lungs  with  inelaftic  Vapours. 

21  A  dry  Air  is  injurious  by  crifping  up  the 
pulmonary  Vefiels. 

31  A  hot  Air  is  always  light,  but  a  cold  Air 
has  always  the  Properties  of  a  heavy  Air. 

43  This  I  mud  confefs  is  very  obfcure  and  not 
eafy  to  be  underftood.  Every  Animal  or  even 
Vegetable  we  are  afiured  from  a  thoufand  Experi¬ 
ments,  will  die  when  included  in  a  final  1  quantity 
of  Air  which  is  not  renewed.  If  you  fow  good 
Seeds  in  the  beft  Earth,  and  adminifter  the  mod 
convenient  degree  of  Warmth  which  is  necefiary  to 
raife  the  Plants  in  a  Vefiel  full  of  Air,  if  you  do 
but  flop  up  that  Vefiel,  fo  that  no  Air  can  enter 
into  it  or  pafs  out  from  it,  thofe  Seeds  will  not 
grow,  and  thofe  Plants  which  vegetated  in  open 
Air  will  here  languifh  and  die.  Again,  place 
any  Animal  in  a  Glafs  full  of  the  belt  Air,  and 
do  but  clofe  the  Glafs,  and  you  will  fee  the  Ani¬ 
mal  periih  in  a  fhort  time,  even  if  it  is  but  a  Fly 
included  in  a  large  glafs  Sphere,  or  a  Sparrow  fhut 
up  in  a  glafs  Vefiel  capable  of  holding  a  hundred 
of  thefe  Birds.  If  you  place  a  Thermometer  in 
that  Vefiel  the  included  Air  will  appear  of  the  fame 
degree  of  Heat  with  that  of  the  Atmofphere,  only 
obferve  this,  that  the  Air  will  have  loft  about 
rs  part  of  its  Elafticity  which  is  deftroyed  by  the 
Animal.  Is  not  that  therefore  the  vital  Spirit  fup- 
pofed  by  the  Alchymifts  to  refide  in  the  Air,  which 
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is  confumed  by  our  Breath,  and  which  mud  be 
perpetually  renewed  through  the  whole  Syftem  of 
Beings  ?  for  without  it  is  thus  renewed,  the  Air,  fay 
they,  having  loft  its  vital  Spirit  is  not  fufficient  to 
fupport  Life.  This  vital  Spirit,  fay  they,  can  be 
found  by  none  but  a  true  Philofopher ;  but  no 
one  can  demonftrate  what  this  vital  Spirit  is  more 
than  the  Elafticity  of  the  Air :  But  I  fliall  per¬ 
haps  fpeak  more  concerning  this  in  my  publick 
Lectures,  when  I  come  to  treat  concerning  the 
Caufes  of  Hidden  Death. 
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Latin ,  and  compar’d  with  the  bed  Manufcripts, 
fome  of  which  were  tranfcribed  from  the  Original, 
under  the  Dodor’s  Direction  and  Approbation. 
By  John  Quincy ,  M.  D.  The  fecond  Edition, 
8  vo.  1745. 

2.  A  Treatife  of  the  Fold],  Vegetable,  and 
Animal  Subdances,  that  are  made  ufe  of  in  Phy- 
fick  *,  containing  the  Hidory  and  Defcription  of 
them,  with  an  Account  of  their  feveral  Virtues 
and  Preparations.  To  which  is  prefixed,  an  En¬ 
quiry  into  the  condituent  Principles  of  mixed  Bo¬ 
dies,  and  the  proper  Methods  of  difcovering  the 
Nature  of  Medicines.  By  the  late  Steph.  Fr. 
Geoffroy ,  M.  D.  Chemical  Profedor  in  the  Royal 
Garden,  Member  of  the  Royal  Academy  of  Sci¬ 
ences,  and  Fellow  of  the  Royal  Society,  London . 
Trandated  from  a  Manufcript  Copy  of  the  Au¬ 
thor’s  Ledures,  (read  at  Paris).  By  G.  Douglas , 
M.  D.  8vo. 

3.  Synopfis  Medicines:  or,  a  Summary  View  of 
the  whole  Pradice  of  Phyfick  ;  being  the  Senti¬ 
ments  of  the  mod  celebrated  Authors  in  all  Ages, 
relating  to  Difeafes,  their  Caufes  and  Cures,  with 
mod  Cafes  in  Surgery  and  Midwifery.  To  which 

' ; .  are 
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are  added,  fome  Obfervations  very  rare  and  un¬ 
common  ;  and  a  curious  Treatife  on  all  Sorts  of 
Poifons.  By  John  Allen ,  M.  D.  and  F.  R.  S. 
Tranflated  by  himfelf,  from  the  laft  Edition  of  his 
Latin  Synopfis,  with  very  large  Improvements. 
The  fecond  Edition  corrected,  in  two  Volumes. 
Svo. 


4.  Boethaave  s  Aphonfms :  concerning  the 
Knowledge  and  Cure  of  Difeafes.  Tranflated 
from  the  laft  Edition  printed  in  Latin  at  Leyden , 

*721  ’  with  ufeful  Obfervations  and  Explanations 
8  vo.  1742. 

5.  Boerhaavds  Materia  Medica :  or,  a  Series  of 
Prefcriptions_  adapted  to  the  Sections  of  his  Pra¬ 
ctical  Aphorifms,  concerning  the  Knowledge  and 
Cure  of  Dileafes.  Tranflated  from  the  Latin 
Original  of  the  laft  genuine  Edition  of  the  Au¬ 
thor.  8  vo. 


6.  A  Treatife  of  the  Venereal  Difeafe  in  fix 
Books ;  containing  an  Account  of  the  Original, 
Piopagation,  and  Contagion  of  this  Diftemper  in 
general.  As  alfo  the  Nature,  Caufes,  and  Cure 
of  all  Venereal  Diforders  in  particular,  whether 
local  or  univerlal.  Together  with  an  Abridgment 
o  the  feveral  Diicourfes,  which  have  been  written 
upon  this  SubjeCt  from  the  firft  Appearance  of  the 
Venereal  Difeafe  in  Europe  to  this  Time,  with 
cntical  Remarks  upon  them.  Written  originally 

’n,  f n  ,by  j°hn  Aflruc,  Phyfician  to  his  prefent 
Majefty  the  King  of  France ,  Auguftus  II.  late  King 
of  Poland ,  and  to  his  Highnels  the  prefent  Duke 
of  Orleans-,  and  now  tranflated  into  Englifh  bv 
William  Barrowby ,  M.  B.  in  two  Volumes  8vo.  ' 
7-  Obfervations  in  Phyfick,  both  rational  and 
practical  ;  with  a  Treatife  of  the  Small-Pox  Bv 
Thomas  Apperley ,  M.  D.  Formerly  Fellow  of 
Sr.  John's  College*  Cambridge .  Svo. 
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8.  A  Syflem  of  Rational  and  practical  Surgery  5 
wherein  all  the  general  Intentions,  whether  natu¬ 
ral  or  artificial,  are  accounted  for  and  explained 
according  to  the  Principles  of  the  Corpufcular 
Philofophy,  and  the  evident  Qualities  of  Medi¬ 
cines,  together  with  the  Caufes,  Diagnoses, 
Prognoftics,  and  Method  of  Cure*,  of  Tumors, 
Ulcers,  Wounds,  Fraftures  and  Difiocations. 
With  an  Index  of  Medicines  referring  to  their  evh 
dent  Qualities  and  Ufe.  To  which  is  added. 
An  Appendix  to  Part  I,  and  II.  of  the  King’s 
Evil  and  Venereal  Diftempers.  By  Richard  BouU 
ton ,  formerly  of  Brazen-Nofe  College  in  Oxford, 
and  fome  Years  Surgeon  in  his  Majefty’s  Navy. 
The  fecond  Edition,  corrected  and  enlarged.  8vo. 

9.  The  Philofophical  Works  of  the  Plonourable 
Robert  Boyle ,  Efq;  abridged,  methodized,  and 
difpofed  under  the  general  Heads  of  Phyfics,  Sta¬ 
tics,  Pneumatics,  Natural  Hiftory,  Chemiftry, 
and  Medicine.  The  whole  illuftrated  with  Notes, 
containing  the  Improvements  made  in  the  leveral 
Parts  of  Natural  and  Experimental  Knowledge 
fince  his  Time.  In  three  Volumes  4to.  By  Peter 
Shaw ,  M.  D.  The  fecond  Edition,  corrected. 

10.  Medicinal  Experiments  ;  or,  A  Collection 
of  choice  and  fafe  Remedies,  for  the  moft  part 
fimple,  and  eafily  prepared.  Very  ufeful  in  Fa¬ 
milies,  and  fitted  for  the  Service  of  the  Country 
People.  By  the  Honourable  Robert  Boyle ,  Efq; 
late  Fellow  of  the  Royal  Society.  In  three  Parts, 
containing  above  five  hundred  choice  Receipts. 
The  feventh  Edition,  corrected.  i2mo. 

11.  Botanick  Elfays,  in  two  Parts.  The  firfl 
containing  the  Structure  of  the  Flowers,  and  the 
Fructification  of  Plants,  with  their  various  Diftri- 
butions  into  Method ;  and  the  fecond,  the  Gene¬ 
ration  of  Plants,  with  their  Sexes  and  Manner  of 
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impregnating  the  Seed.  Alfo  concerning  the  Ani~ 
tnalcula  m  Semine  mafculino ;  together  with  the 
Nourifhment  of  Plants,  and  Circulation  of  the  Sap 
in  all  Seafons,  analogous  to  that  of  the  Blood  iit 
Animals.  With  many  curious  Remarks,  and  fe- 
veral  Difcoveries  and  Improvements.  Adorn’d 
with  Figures.  By  Patrick  Blair ,  M.  D.  and  Fel¬ 
low  of  the  Royal  Society.  8vo. 

12.  Pheatrum  Tabidorum  •,  *or,  The  Nature  and 
Cure  of  Confumptions,  whether  a  Phthific,  an  A- 
trophy,  or  an  Hedic  ;  with  preliminary  Exercita- 
tions.  By  Chr.  Bennet ,  M.  D.  and  Coll .  Med. 
S§c.  8vo. 

13.  Raii  Synopfis  Methodica  Stirpium  Britan- 
nicarum.  Turn  indigenis,  turn  in  Agris  cultis, 
Locis  fuis  difpofitis  *,  additis  Generum  Charade- 
rifticis,  Specierum  Defcriptionibus  &  Yirium  Epi¬ 
tome.  Editio  tertia  multis  locis  emendata.  Sc 
quadringentis  quinquaginta  circiter  Speciebus  no* 
viter  detedis  auda  *,  cum  Iconibus.  8vo. 

14.  Ojieologia  nova ;  or.  Some  new  Obfervati- 
ons  of  the  Bones,  and  the  Parts  belonging  to 
them,  with  the  Manner  of  Accretion  and  Nutri¬ 
tion,  communicated  to  the  Royal  Society.  In  fe^ 
veral  Difcourfes  :  I.  Of  the  Membrane,  Nature, 
conftituent  Parts,  and  internal  Strudure  of  the 
Bones.  II.  Of  Accretion  and  Nutrition  ;  as  alfo 
of  the  Affedions  of  the  Bones  in  the  Rickets,  and 
of  Venereal  Nodes.  III.  Of  the  Medulla,  or 
Marrow.  IV.  Of  the  mucilaginous  Glands,  with 
the  Etiology  or  Explication  of  the  Caufes  of  the 
Rheumatifm  and  Gout,  and  the  Manner  they  are 
produced.  To  which  is  added  a  fifth  Difcourfe, 
of  the  Cartilages.  Second  Edition.  By  Clopion 
Havers ,  M.  D.  late  Fellow  of  the  Royal  Society. 
8  vo. 
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15.  Halfs  Staticks,  2  Vol.  Svo,  Vo3. 1.  Con¬ 
taining  vegetable  Staticks ;  or,  an  Account  of 
fome  Statical  Experiments  on  the  Sap  in  Vegeta¬ 
bles.  Being  an  Eflfay  towards  a  natural  Hiftory 
of  Vegetation  *  of  Ufe  to  thofe  who  are  curious  in 
the  Culture  and  Improvement  of  Gardening,  &V. 
Alfo  a  Specimen  of  an  Attempt  to  analyze  the 
Air,  by  a  great  Variety  of  Chymico-ftatical  Expe¬ 
riments  which  were  read  at  feveral  Meetings  before 
the  Royal  Society.  Vol.  II.  Hcemiftatics ;  or,  an 
Account  of  fome  hydraulic  and  hydroftatical  Ex¬ 
periments  made  on  the  Blood  and  Blood-veflels  of 
Animals.  Alfo  an  Account  of  fome  Experiments 
on  Stones  in  the  Kidney  and  Bladder  ;  with  an 
Enquiry  into  the  Nature  of  thofe  anomalous  Con¬ 
cretions.  To  which  is  added  an  Appendix  con¬ 
taining  Obfervations  and  Experiments,  relating  to 
feveral  Subjects  in  the  firft  Volume,  the  greateft 
part  of  which  were  read  at  feveral  Meetings  before 
the  Royal  Society.  With  an  Index  to  both 
Volumes. 

16.  A  Treatife  of  the  Afthma.  In  four  Parts. 
Part  L  A  Hiftory  of  the  Fits,  and  the  Symptoms 
preceding  them.  Part  II.  The  Cacochymia ,  which 
difpofes  to  the  Fit,  and  the  Rarefaction  of  the  Spi¬ 
rits,  which  produces  it,  are  defcribed.  '  Part  III. 
The  accidental  Caufes  of  the  Fit,  and  the  fympto- 
mic  Afthma’s  are  obferved.  Part  IV.  The*  Cure 
of  the  Afthma-Fit,  and  the  Method  of  preventing 
it  is  propofed.  To  which  is  annexed  a  Digreftion 
about  the  feveral  Species  of  Acids  diftinguifhed  by 
their  Taftes,  &c.  By  Sir  John  Flayer ,  M.  D.  Knt, 
The  third  Edition,  Svo. 
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